
(19) United States 
US 2002O107337A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0107337 A1 
Rosenzweig et al. (43) Pub. Date: Aug. 8, 2002 

(54) CONTACT LENS 

(76) Inventors: Howard S. Rosenzweig, Skokie, IL 
(US); Michael H. Quinn, Valparaiso, 
IN (US); Robert Tucker, Arlington 
Heights, IL (US); Greg Carlson, 
Chicago, IL (US); Gerardo J. Ocampo, 
Bridgeview, IL (US) 

Correspondence Address: 
Edward P. Gamson, Esq. 
Welsh & Katz, Ltd. 
22nd Floor 
120 South Riverside Plaza 
Chicago, IL 60606 (US) 

(21) Appl. No.: 09/731,331 

(22) Filed: Dec. 6, 2000 

Related U.S. Application Data 

(60) Provisional application No. 60/170,162, filed on Dec. 
10, 1999. 

Publication Classification 

(51) Int. Cl. ................................................... C08C 1/00 
(52) U.S. Cl. .............................................................. 525/474 

(57) ABSTRACT 

This invention is directed to ophthalmic materials and 
ophthalmic lenses that are a co-polymerization product of a 
(a) hydrophilic monomer with (b) a tris(siloxy)silyl group 
containing monomer, (c) a wide variety of hydrophobic 
monomers (both aliphatic and aromatic) and usually a (d) 
polyfluorinated monomer, as well as optional monomers or 
monomer mixtures that can include a cationic monomer, a 
non-aromatic hydrophobic monomer and a poly(dimethyl 
Siloxy)silyl group-containing monomer. A contact lens pre 
pared from Such a co-polymer exhibits enhanced water 
content, while maintaining exceptional oxygen permeability, 
thereby providing a lens that can be worn comfortably for 
prolonged periods of time. A proceSS for the preparation of 
Such lenses is also disclosed. 
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CONTACT LENS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This is a continuation-in-part of provisional appli 
cation No. 60/170,162, filed on Dec. 10, 1999, whose 
disclosures are incorporated herein by reference. 

TECHNICAL FIELD 

0002 This invention relates broadly to lenses and poly 
meric materials useful in optic and ophthalmic arts. More 
Specifically, this invention relates to polymeric materials, 
contact lenses and treatment processes useful in the manu 
facture of contact lenses. 

BACKGROUND ART 

0003) A wide variety of research has been conducted in 
the field of biocompatible polymers. The definition of the 
term “biocompatible' depends on the particular application 
for which the polymer is designed. In the field of ophthalmic 
lenses, and in particular in the field of contact lenses, a 
biocompatible lens is generally defined as one that does not 
Substantially damage the Surrounding ocular tissue and 
ocular fluid during the time period of contact. The phrase 
“ophthalmically compatible' more appropriately describes 
the biocompatibility requirements of ophthalmic lenses. 

0004 One ophthalmic compatibility feature for contact 
lenses is that the lens permits oxygen to reach the cornea in 
an amount that is Sufficient for long-term corneal health. The 
contact lens should permit oxygen from the Surrounding air 
to reach the cornea because the cornea does not receive 
oxygen from the blood Supply like other tissues. If Sufficient 
oxygen does not reach the cornea, corneal Swelling can 
occur, as can epithelial microcysts, Stromal/epithelial thin 
ning, Stromal acidosis, endothelial polymegethism, corneal 
ulcers and increased inflammation. Brennan et al., Opt. Vis. 
Sci., 74(8):609-623 (1997). “Soft” contact lenses conform 
closely to the shape of the eye, So oxygen cannot easily 
circumvent the lens. Thus, Soft contact lenses should permit 
oxygen to diffuse through the lens to reach the cornea. 

0005 Another ophthalmic compatibility feature for soft 
contact lenses is that the lens not adhere Strongly to the eye. 
Clearly, the consumer should be able to easily remove the 
lens from the eye for disinfecting, cleaning or disposal. 
Moreover, the lens should also be able to move on the eye 
in order to encourage tear flow between the lens and the eye. 
Tear flow between the lens and eye permits debris, Such as 
foreign particulates or dead epithelial cells, to be Swept from 
beneath the lens and, ultimately, out of the eye in tear fluid. 
Thus, a contact lens should not adhere to the eye So Strongly 
that adequate movement of the lens on the eye is inhibited. 

0006 Although there exist rigid gas permeable (“RGP') 
contact lenses that have high oxygen permeability and that 
move on the eye, RGP lenses are typically quite uncomfort 
able for the consumer. Many consumers therefore prefer soft 
contact lenses. Moreover, a contact lens that can be con 
tinuously worn for a period of a day or more (including wear 
during periods of sleeping) implies comfort levels that 
exclude RGP lenses as popular extended-wear candidates. 

Aug. 8, 2002 

0007. In order to balance the ophthalmic compatibility 
and consumer comfort requirements in designing a daily 
wear Soft contact lens, polymers and copolymers of 2-hy 
droxyethyl methacrylate (HEMA), N-vinyl pyrrolidone and 
glyceryl methacrylate (GMA) were developed. These hydro 
philic polymerS move well on the eye and provide Sufficient 
oxygen permeability for daily wear (e.g. about 8-35 Dk 
units). The FDA has approved certain soft contact lenses for 
extended wear periods of up to about Six nights of overnight 
wear and Seven days of daily wear. However, the consumer 
cannot safely and comfortably wear these poly(HEMA) 
lenses for extended periods of Seven days or more, because 
the oxygen permeability is insufficient. True extended wear 
(i.e., Seven days or more) of these lenses can result, at a 
minimum, in corneal Swelling and development of Surface 
blood vessels in the cornea. In order to improve oxygen 
permeability, polymers containing Silicone groups were 
developed. Many siloxane-containing polymers have been 
disclosed as having high oxygen permeability. For example, 
See U.S. Pat. Nos. 3,228,741; 3,341,490; 3,996, 187; and 
3.996,189. However, contact lenses made using those 
known polysiloxanes often adhere to the eye, inhibiting the 
necessary lens movement. Polysiloxanes are typically highly 
lipophilic, which causes a haze of lipids and proteins to form 
that interferes with vision through the lens. 
0008. There have been attempts to blend the desirable 
properties of hydrophilic polymers, formed from monomers 
such as HEMA, with the desirable oxygen permeability of 
polymers formed from siloxane-containing monomers. For 
example, see U.S. Pat. Nos. 3,808,178; 4,136,250; 4,711, 
943; 5,070,169 and 5,760,100. However, prior attempts at 
producing a true extended-wear contact lens have not been 
particularly Successful, either because of the effect of the 
extended-wear lens on corneal health or because the lens 
would not move on the eye. Thus, oxygen permeabilities 
remained too low and/or the lenses adhered to the corneas. 

0009 Thus, there remains a need for an ophthalmically 
compatible, transparent polymeric material that is Suited to 
prolonged periods of continuous contact with ocular tissue 
and tear fluid. The discussion that follows discloses Such 
materials, contact lenses made from those materials and 
processes for preparing the lenses. 

BRIEF SUMMARY OF THE INVENTION 

0010. It has been discovered that the co-polymerization 
of a (a) hydrophilic monomer with (b) a wide variety of 
hydrophobic monomers (both aliphatic and aromatic), (c) a 
tris(siloxy)silyl group-containing monomer, and usually a 
(d) polyfluorinated monomer and optional monomers or 
monomer mixtures that can include a cationic monomer, a 
non-aromatic hydrophobic monomer and a poly(dimethyl 
Siloxy)silyl group-containing monomer, provides a polymer 
that has Substantially greater water content, while maintain 
ing exceptional oxygen permeability. 

0011 Thus, the present invention contemplates an oph 
thalmic lens comprising a polymeric material that has an 
oxygen permeability of about 45 to about 150 Dk units and 
a hydrated water content of about 20 to about 55 weight 
percent. The polymeric material is comprised of a co 
polymer of (a) a hydrophilic monomer, (b) a hydrophobic 
(aromatic, aliphatic or mixture) monomer, (c) a tris(silox 
y)silyl group-containing monomer, (d) a fluorinated mono 
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mer containing about 3 to about 20 fluorine atoms per 
monomer molecule (a polyfluorinated monomer) and (e) an 
amount of croSS-linker Sufficient to provide a StreSS at break 
value of about 0.003 to about 30N/mm , elongation at break 
of about 25 to about 3000 percent and a modulus value of 
about 0.001 to about 10 N/mm. 

0012 Another polymeric contact lens material comprises 
a co-polymer of polymerized (a) non-ionic hydrophilic 
monomer, (b) hydrophobic (aromatic, aliphatic or mixture) 
monomer, (c) tris(siloxy)silyl group-containing monomer, 
(d) fluorinated monomer containing about 3 to about 20 
fluorine atoms per monomer molecule (polyfluorinated 
monomer) and (e) cross-linking agent. The weight ratio of 
the tris(siloxy)silyl group-containing monomer to the non 
ionic hydrophilic monomer is about 0.3:1 to about 2:1. The 
lens material exhibits an oxygen permeability of greater than 
about 60 Dk units and a water content at equilibrium 
hydration of about 20 to about 55, and preferably about 35 
to about 55 weight percent. 

0013 A further embodiment contemplates a polymeric 
contact lens comprising a co-polymerized (a) non-ionic 
hydrophilic monomer containing a methacrylamide, an acry 
lamide, a methacrylate or an acrylate group, (b) a hydro 
phobic (aromatic, aliphatic or mixture) monomer, (c) a 
tris(siloxy)silyl group-containing monomer, (d) a fluorinated 
monomer containing about 3 to about 20 fluorine atoms per 
monomer molecule (polyfluorinated monomer) and (e) 
cross-linking agent. The weight ratio of the tris(siloxy)silyl 
group-containing monomer to the non-ionic hydrophilic 
monomer is about 0.3:1 to about 2:1. This lens exhibits an 
oxygen transmissibility of about 60 to about 150 Dk units 
and a water content at equilibrium hydration of about 20 to 
about 55, and preferably about 35 to about 55 weight 
percent. 

0.014. Yet another polymeric contact lens comprises co 
polymerized (a) non-ionic hydrophilic monomer containing 
a methacrylamide, an acrylamide, a methacrylate ester or an 
acrylate ester group, (b) fluorinated monomer containing 
about 3 to about 20 fluorine atoms per monomer molecule 
(polyfluorinated monomer), (c) tris(siloxy)silyl group-con 
taining monomer, (d) Styrene-containing monomer and (e) 
cross-linking agent. Here, the weight ratio of the tris(silox 
y)silyl group-containing monomer to the non-ionic hydro 
philic monomer is about 0.3:1 to about 2:1. The lens exhibits 
an oxygen transmissibility of about 45 to about 150 Dk units 
and a water content at equilibrium hydration of about 20 to 
about 55, and preferably about 35 to about 55 weight 
percent. 

0.015. A still further polymeric contact lens comprises 
co-polymerized (a) non-ionic hydrophilic monomer contain 
ing a methacrylamide, an acrylamide, a methacrylate ester or 
an acrylate ester group, (b) fluorinated monomer containing 
about 3 to about 20 fluorine atoms per monomer molecule 
(polyfluorinated monomer), (c) tris(siloxy)silyl group-con 
taining monomer, (d) a C-Co hydrophobic methacrylate or 
acrylate monomer and (e) cross-linking agent. Here, the 
weight ratio of the tris(siloxy)silyl group-containing mono 
mer to the non-ionic hydrophilic monomer is about 0.3:1 to 
about 2:1. The lens exhibits an oxygen transmissibility of 
about 50 to about 150 Dk units and a water content at 
equilibrium hydration of about 20 to about 55, and prefer 
ably about 35 to about 55 weight percent. 
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0016 A further contact lens is the co-polymerization 
product of a monomer mixture comprising (a) a non-ionic 
hydrophilic monomer, (b) a tris(siloxy)silyl group-contain 
ing monomer, (c) a hydrophobic aromatic monomer Such as 
a styrene-containing monomer, (d) a polyfluorinated mono 
mer, a cationic monomer, a hydrophobic non-aromatic 
monomer or a mixture of two or three of those monomer 
types and (e) a cross-linking agent. The monomer mixture 
includes a weight ratio of tris(siloxy)silyl group-containing 
monomer to hydrophilic monomer of about 0.3:1 to about 
2:1, and a weight ratio of tris(siloxy)silyl group-containing 
monomer to a single monomer or monomer mixture of (d) 
of about 1.5:1 to about 20:1. This lens also exhibits an 
oxygen transmissibility of about 45 to about 150 Dk units 
and a water content at equilibrium hydration of about 35 to 
about 55 weight percent. 

0017. A still further contact lens is the co-polymerization 
product of a monomer mixture comprising (a) a non-ionic 
hydrophilic monomer, (b) a cationic monomer, (c) a tris(Si 
loxy)silyl group-containing monomer, (d) a hydrophobic 
aromatic monomer Such as a Styrene-containing monomer, 
and (e) a cross-linking agent. The monomer mixture 
includes a weight ratio of tris(siloxy)silyl group-containing 
monomer to hydrophilic monomer of about 0.3:1 to about 
2:1. This lens also exhibits an oxygen transmissibility of 
greater than 45 Dk units and a water content at equilibrium 
hydration of about 35 to about 55 weight percent. 

0018. A co-polymerization product of a monomer mix 
ture comprising (a) a non-ionic hydrophilic monomer, (b) a 
poly(dimethylsiloxy)silyl group-containing monomer, (c) a 
tris(siloxy)silyl group-containing monomer, (d) a hydropho 
bic monomer, and (e) a cross-linking agent comprises yet 
another contemplated contact lens. The monomer mixture 
includes a weight ratio of tris(siloxy)silyl group-containing 
monomer to hydrophilic monomer of about 0.3:1 to about 
2:1, and exhibits a water content on equilibrium hydration of 
at least 20 weight percent to about 55 weight percent and an 
oxygen permeation value of about 55 to about 120 Dk units. 

0019. A contact lens that comprises a co-polymer of (a) 
a non-ionic hydrophilic monomer, (b) a tris(siloxy)silyl 
group-containing monomer, (c) a cationic monomer, (d) a 
polyfluorinated monomer, a poly-(dimethylsiloxy)silyl 
monomer, a hydrophobic monomer (aromatic or non-aro 
matic monomer) or a mixture of two or three of those 
monomer types and (e) a cross-linking agent is also con 
templated. This lens exhibits an oxygen transmissibility of 
about 45 to about 150 Dk units, and a water content at 
equilibrium hydration of about 20 to about 55, and prefer 
ably about 35 to about 55 weight percent. The lens sepa 
rately binds mucin and lysozyme in vitro at a ratio by weight 
of about 1:2 to about 2:1 and in an amount of about 0.75 to 
about 2.5 lug/cm, when those proteins are separately present 
at initial concentrations of 0.46g/L in aqueous buffers at a 
pH value of 7.2-7.6. 

0020) A polymerization process (or method) is also con 
templated. In this process, an ophthalmic contact lens is 
prepared by the co-polymerization of a monomer mixture 
that is thermally polymerized in a filled and closed casting 
cup for time period of about ten to about fifteen minutes at 
a temperature of about 110 to about 140 C., and more 
preferably at about 120 to about 135 C. A contemplated 
monomer mixture comprises (a) a hydrophilic unsubstituted, 
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mono- or di-Substituted C-C-alkyl acrylamide or meth 
acrylamide monomer, (b) a tris(siloxy)silyl group-contain 
ing monomer, (c) a polyfluorinated monomer, a cationic 
monomer, a hydrophobic non-aromatic monomer, hydro 
phobic aromatic monomer or a poly(dimethylsiloxy)silyl 
group-containing monomer or a mixture of two, three, four 
or five of those monomer types and (d) a cross-linking agent, 
in weight ratioS discussed elsewhere herein. On completion 
of the polymerization, the casting cups are cooled, opened, 
the lenses are removed and the lenses are hydrated for use. 
A lens So prepared exhibits an oxygen permeability of about 
45 to about 120 Dk units and a hydrated water content of 
about 20 to about 55 weight percent upon hydration. 
0021. A further process contemplates an improvement in 
forming ophthalmic lenses by co-polymerization of a mono 
mer mixture that comprises (a) a non-ionic hydrophilic 
monomer that is a methacrylamide or acrylamide and (b) a 
tris(siloxy)silyl group-containing monomer. The improve 
ment comprises wet casting the lenses from a composition 
that includes those monomers and a non-co-polymerizable 
Solvent that is miscible in the monomer mixture and is 
readily removable from the co-polymerized lens. In particu 
larly preferred practice, the monomer mixture also includes 
(c) a poly-(dimethylsiloxy)silyl monomer. 
0022. The present invention has several benefits and 
advantages. 
0023. An advantage of the invention is the provision of 
an ophthalmic lens that provides oxygen Sufficient to permit 
wear of the lens without inflammation or infection for 
prolonged periods of time. 

0024. One benefit of the invention is the provision of an 
ophthalmic lens that provides water content Sufficient to 
permit wear of the lens without inflammation or infection for 
prolonged periods of time. 

0.025 Still further benefits and advantages of the inven 
tion will be apparent to a worker of ordinary skill from the 
discussion that follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 
0.027 FIG. 1 is a cross-sectional view of the lens holder 
apparatus for measuring the water flux through a contact 
lens; 
0028 FIG. 2 is a graph of oxygen permeability values 
(Dk units) versus DMA:T1 (dimethylacrylamide: T1) con 
tent of contact lenses for lenses containing 3.5 weight 
percent MD9 (a monomethacryloxypropyl-terminated poly 
dimethylsiloxane having a molecular weight of about 1000), 
as well as two lenses containing 7 and 56 weight percent 
MD9 and having a DMA:T1 T1, also sometimes referred to 
as TRIS, is methacryloxypropyltris(trimethylsiloxy)silane 
ratio of 1; 
0029 FIG. 3 is a graph of water content as weight 
percent versus DMA:T1 content for the lenses of FIG. 2, 
and in which water contents below about 30 weight percent 
are estimated; and 
0030 FIG. 4 is a phase diagram for the system MD9/ 
TRIS/DMA wherein all numbers are in weight percents, 
horizontal hatching represents a hazy monomer mixture and 

In the drawing forming a part of this disclosure, 
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polymer, Vertical hatching represents creamy monomer 
composition and opaque polymer, and the remaining com 
positions of monomer and polymer within the diagram are 
clear. 

0031 Definition of Terms 
0032. The term “monomer' as used herein, refers to a 
compound that can either be polymerized, or that can be 
co-polymerized with other monomers under polymerization 
conditions. 

0033. The term “cationic monomer', as used herein, 
refers to a monomer having a pendent functional group that 
exhibits a cationic (positive) charge either permanently or 
through protonation in water at physiological pH values, i.e., 
pH 7.2-7.4. 

0034. The term “polymerization conditions” refers to 
conditions under which the polymerization of one or more 
monomers into a polymer is accomplished. Suitable condi 
tions are well-known in the art and can include use of an 
activator or initiator Such as (2,2-azobisisobutyronitrile 
(AIBN), use of UV or ionizing radiation, use of heat, use of 
microwave energy, or combinations thereof to initiate and 
propagate the free-radical polymerization chain reaction. 
0035. The terms “copolymer”, “co-polymerization', and 
“co-polymerizable' as used herein refer to a polymer pre 
pared from two or more monomers, or the reaction in which 
those two or more monomers react, and a monomer's ability 
to be polymerized with at least one other monomer, respec 
tively. These terms are not limited to only a two monomer 
polymer System. 

0036) An “ophthalmic lens”, as used herein, refers to a 
lens placed in intimate contact with the eye or tear fluid, Such 
as contact lenses for vision correction (e.g., spherical, toric, 
bifocal), contact lenses for modification of eye color, oph 
thalmic drug delivery devices, ocular tissue protective 
devices (e.g., ophthalmic healing promoting lenses), and the 
like. A particularly preferred ophthalmic lens is a contact 
lens for vision correction. 

0037. A “polymerizable material that polymerizes to 
form a polymer having a high oxygen permeability” as used 
herein, refers to monomers, oligomers, macromers, and the 
like, and mixtures thereof, that are polymerized with like or 
unlike polymerizable materials to form a polymer that 
displays a relatively high rate of oxygen permeability there 
through. For convenience of reference, these materials will 
be referred to herein as “polymerizable materials” and the 
resultant polymers will be referred to herein as “ophthalmic 
polymers'. 

0038. The “oxygen permeability” of a lens, as used 
herein, is the rate at which oxygen will pass through a 
Specific ophthalmic lens. Units of oxygen permeability are 
expressed in “barrers', where a “barrer' is defined as: 

mL 2 ( oxygen)(cm) x1Oll 
(mL)(Sec)(mm Hg) 

0039 The above-defined units are those commonly used 
in the art. 
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0040 “Ophthalmically compatible”, as used herein, 
refers to a material or Surface of a material that can be in 
intimate contact with the ocular environment for an pro 
longed period of time without significantly damaging the 
ocular environment and without significant user discomfort. 
Thus, an ophthalmically compatible contact lens does not 
produce Significant corneal Swelling, adequately moves on 
the eye with blinking to promote Sufficient tear exchange, 
does not have Substantial amounts of lipid or protein adsorp 
tion, and does not cause Substantial wearer discomfort 
during the prescribed period of wear. 

0041. “Ocular environment”, as used herein, refers to 
ocular fluids (e.g., tear fluid) and ocular tissue (e.g., the 
cornea) that come into intimate contact with a contact lens 
used for vision correction, drug delivery, wound healing, eye 
color modification or other ophthalmic applications. 

0.042 “Hydrophilic', as used herein, describes a material 
or portion thereof that readily associates with water. The 
word “hydrophilic” derives from the Latin meaning water 
loving but, herein shall mean as described above. 

0.043 “Hydrophobic”, as used herein, describes a mate 
rial or portion thereof that does not readily associate with 
water. The word “hydrophobic” derives from the Latin 
meaning water hating but, herein shall mean as described 
above. 

0044 A“hydrophilic surface', as used herein, refers to a 
Surface upon which water spreads or that is wet by water. 

004.5 The “outer Surface” of a lens, as used herein, refers 
to the Surface of the lens that faces away from the eye during 
wear. The Outer Surface, which is typically Substantially 
convex, can also be referred to as the front curve of the lens. 

0046) The “inner Surface” of a lens, as used herein, refers 
to the Surface of the lens that faces towards the eye during 
wear. The inner Surface, which is typically Substantially 
concave, can also be referred to as the base curve of the lens. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0047 The present invention is directed to an ophthalmic 
lens that is Suited to prolonged periods of wear in continu 
ous, intimate contact with ocular tissue and ocular fluids. A 
contemplated ophthalmic lens comprises a polymeric mate 
rial that has an oxygen permeability of about 45 to about 150 
Dk and a hydrated water content of about 20 to about 55 
weight percent, and preferably about 35 to about 55 weight 
percent. A contemplated lens can be Surface treated as by 
plasma treatment or chemical reaction to enhance wearing 
time. 

0.048. The polymeric material is comprised of a co 
polymer of (a) a hydrophilic polymerizable material, (b) a 
hydrophobic (aromatic, aliphatic or mixture) monomer, (c) 
a tris(siloxy)silyl group-containing monomer, (d) a fluori 
nated monomer containing about 3 to about 20 fluorine 
atoms per monomer molecule and (e) an amount of cross 
linker sufficient to provide a stress at break value of about 
0.003 to about 30 N/mm, elongation at break of about 25 to 
about 3000 percent and a modulus value of about 0.001 to 
about 10 N/mm. 
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0049. A contemplated lens permits oxygen permeation in 
an amount Sufficient to maintain corneal health and wearer 
comfort during a period of prolonged, continuous contact 
with ocular tissue and ocular fluids. Upon hydration, this 
lens contains enough bulk water content that corneal health 
is not Substantially compromised and wearer comfort is 
acceptable during a period of prolonged, continuous contact 
with ocular tissue and ocular fluids. A contemplated oph 
thalmic lens has a water content of at least 20 weight 
percent, measured gravimetrically or by refractometer, and 
preferably greater than about 30 weight percent upon full 
(equilibrium) hydration, up to about 65 weight percent. 
Usual values are about 35 to about 55 weight percent. 

0050. In a second embodiment of this invention, the 
polymeric contact lens material comprises a co-polymer of 
(a) a non-ionic hydrophilic monomer, (b) a hydrophobic 
(aromatic, aliphatic or mixture) monomer, (c) a tris(silox 
y)silyl group-containing monomer, (d) a fluorinated mono 
mer containing about 3 to about 20 fluorine atoms per 
monomer molecule (polyfluorinated monomer) and (e) a 
cross-linking agent. The weight ratio of the tris(siloxy)silyl 
group-containing monomer to the non-ionic hydrophilic 
monomer is about 0.3:1 to about 2:1. This lens material has 
an oxygen permeability of greater than about 60 Dk units, 
and a water content at equilibrium hydration of about 20 to 
about 55, and preferably about 35 to about 55 weight 
percent. 

0051. In a third embodiment of this invention, a poly 
meric contact lens comprises a co-polymerized (a) non-ionic 
hydrophilic monomer containing a methacrylamide, an acry 
lamide, a methacrylate ester or an acrylate ester group, (b) 
a hydrophobic (aromatic, aliphatic or mixture) monomer, (c) 
tris-(siloxy)silyl group-containing monomer, (d) a fluori 
nated monomer containing about 3 to about 20 fluorine 
atoms per monomer molecule and (e) a cross-linking agent. 
Here, the weight ratio of the tris(siloxy)silyl group-contain 
ing monomer to the non-ionic hydrophilic monomer is about 
0.3:1 to about 2:1. This lens exhibits an oxygen transmis 
sibility of about 60 to about 150 Dk units and a water content 
at equilibrium hydration of about 20 to about 55, and 
preferably about 35 to about 55 weight percent. 

0052. In a fourth embodiment of this invention, a poly 
meric contact lens comprises a co-polymerized (a) a non 
ionic hydrophilic monomer containing a methacrylamide, an 
acrylamide, a methacrylate ester or an acrylate ester group, 
(b) a fluorinated monomer containing about 3 to about 20 
fluorine atoms per monomer molecule, (c) a tris(siloxy)silyl 
group-containing monomer, (d) a styrene-containing mono 
mer and (e) a cross-linking agent. The weight ratio of the 
tris(siloxy)silyl group-containing monomer to the non-ionic 
hydrophilic monomer is about 0.3:1 to about 2:1. This lens 
exhibits an oxygen transmissibility of about 45 to about 150 
Dk units, preferably greater than 45 Dk units, and more 
preferably greater than 60 Dk units, and a water content at 
equilibrium hydration of about 20 to about 55, and prefer 
ably about 35 to about 55 weight percent. 

0053. In a fifth embodiment of this invention, a poly 
meric contact lens comprises a co-polymerized (a) a non 
ionic hydrophilic monomer containing a methacrylamide, an 
acrylamide, a methacrylate ester or an acrylate ester group, 
(b) a fluorinated monomer containing about 3 to about 20 
fluorine atoms per monomer molecule, (c) a tris(siloxy)silyl 
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group-containing monomer, (d) a hydrophobic C-Cloacry 
late or methacrylate monomer and (e) a cross-linking agent. 
The weight ratio of the tris(siloxy)silyl group-containing 
monomer to the non-ionic hydrophilic monomer is about 
0.3:1 to about 2:1. This lens exhibits an oxygen transmis 
sibility of greater than 50 Dk units and a water content at 
equilibrium hydration of about 35 to about 55 weight 
percent. 

0054. In a sixth embodiment, a contemplated contact lens 
is the co-polymerization product of a monomer mixture 
comprising (a) a non-ionic hydrophilic monomer, (b) a 
tris(siloxy)silyl group-containing monomer, (c) a hydropho 
bic aromatic monomer Such as a styrene-containing mono 
mer, (d) a polyfluorinated monomer, a cationic monomer, a 
hydrophobic non-aromatic monomer or a mixture of two or 
three of those monomer types and (e) a cross-linking agent. 
The monomer mixture includes a weight ratio of tris(silox 
y)silyl group-containing monomer to hydrophilic monomer 
of about 0.3:1 to about 2:1, and a weight ratio of tris(silox 
y)silyl group-containing monomer to a single monomer or 
monomer mixture of (d) of about 1.5:1 to about 20:1; the 
polyfluorinated monomer, cationic monomer, hydrophobic 
non-aromatic monomer or mixture of two or three of those 
monomer types is present up to about 35 weight percent. 
This lens also exhibits an oxygen transmissibility of about 
45 to about 150 Dk units and a water content at equilibrium 
hydration of about 35 to about 55 weight percent. 

0055. In a seventh contemplated embodiment, a contact 
lens is formed from the co-polymerization product of a 
monomer mixture comprising (a) a non-ionic hydrophilic 
monomer, (b) a cationic monomer, (c) a tris(siloxy)silyl 
group-containing monomer, (d) a hydrophobic aromatic 
monomer Such as a styrene-containing monomer, and (e) a 
croSS-linking agent. The monomer mixture includes a 
weight ratio of tris(siloxy)silyl group-containing monomer 
to hydrophilic monomer of about 0.3:1 to about 2:1. This 
lens also exhibits an oxygen transmissibility of about 45 to 
about 150 Dk units, and preferably greater than 45 Dk units, 
and a water content at equilibrium hydration of about 35 to 
about 55 weight percent. 

0056. In a eighth embodiment of this invention, a contact 
lens is formed from the co-polymerization product of a 
monomer mixture comprising (a) a non-ionic hydrophilic 
monomer, (b) a poly-(dimethylsiloxy)silyl group-containing 
monomer, (c) a tris(siloxy)silyl group-containing monomer, 
(d) a hydrophobic monomer, preferably, a hydrophobic 
aromatic monomer Such as a Styrene-containing monomer, 
and (e) a cross-linking agent. The monomer mixture 
includes a weight ratio of tris(siloxy)silyl group-containing 
monomer to hydrophilic monomer of about 0.3:1 to about 
2:1. A contemplated lens exhibits a water content on hydra 
tion of at least 20 weight percent up to about 55 weight 
percent, and a Dk value of about 55 to about 150 units. 
0057. In another contemplated embodiment, a method is 
provided for improving the water content of a contact lens 
formed from the polymerization product of a monomer 
mixture comprising a tris(siloxy)silyl group-containing 
monomer. This method comprises admixing a polyfluori 
nated monomer, a cationic monomer, a hydrophobic non 
aromatic monomer or a mixture of two or three of those 
monomer types into the monomer mixture in Sufficient 
amount to increase the water content of the contact lens Such 
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that the contact lens has reduced corneal adhesion and is 
Suited for continuous wear for prolonged periods in intimate 
contact with ocular tissue and ocular fluids. In one variant, 
the water content increases by at least 15 weight percent of 
the total weight of the hydrated lens as compared to a similar 
lens free of the polyfluorinated monomer, cationic monomer, 
hydrophobic aromatic monomer or mixture thereof. 

0058. A still further embodiment contemplates an 
extended wear contact lens that comprises a co-polymer of 
(a) a non-ionic hydrophilic monomer, (b) a tris(siloxy)silyl 
group-containing monomer, (c) a cationic monomer, (d) a 
polyfluorinated monomer, a poly-(dimethylsiloxy)silyl 
monomer, a hydrophobic monomer (aromatic or non-aro 
matic monomer) or a mixture of two or three of those 
monomer types and (e) a cross-linking agent is also con 
templated. This lens exhibits an oxygen transmissibility of 
about 55 to about 150 Dk units, and a water content at 
equilibrium hydration of at least 20 weight percent, and 
preferably about 35 to about 55 weight percent. The lens 
Separately binds mucin and lysozyme in vitro at a ratio by 
weight of about 1:2 to about 2:1 and in an amount of about 
0.75 to about 2.5 lug/cm, when those proteins are separately 
present at initial concentrations of 0.46 g/L in aqueous 
buffers at a pH value of 7.2-7.6. 

0059) Preferred lens bulk water content on complete 
(equilibrium) hydration, determined gravimetrically or by 
refractometry, is greater than about 20 weight percent. More 
preferably, the lens has a water content of about 35 to 50 
weight percent, based on the total lens weight. Most pref 
erably, a hydrated lens contains about 40 to about 55 weight 
percent water. A particularly preferred lens water content is 
greater then 40 weight percent. 

0060 A contemplated lens is a co-polymer of several 
monomers. Table A, below, provides exemplary approxi 
mate amounts of those monomers that can be present in 
contemplated lenses, along with preferred amounts when a 
given monomer is present. Inasmuch as all monomers need 
not be present in a particular lens, the amount of monomer 
present in Table A can exceed 100 percent. 

TABLE A 

PREFERRED 
MONOMER WEIGHT 2% WEIGHT 9% 

Hydrophilic 2O - 70 35 - SO 
Tris(siloxy)silyl 20 - 60 35 - SO 
Hydrophobic 2.5 - 4.5 3 - 4 
(Aromatic or Aliphatic) 
Polyfluorinated Zero - 20 8 - 10 
Cationic Zero - 30 2O - 25 
Poly- Zero - 20 Zero - 10 
(dimethylsiloxy) sillyl, 
Etc. 
Cross-linker Zero - 2 1 - 2 

0061. Where a polyfluorinated monomer, cationic mono 
mer and hydrophobic non-aromatic monomer or mixture of 
two or three of those monomer types is present in a con 
templated co-polymer, those monomers can be present at 
about 30 to about 40 weight percent. Preferably, one or more 
of those monomerS is present at up to about 35 weight 
percent. 
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0.062 For all the embodiments disclosed herein, the 
hydrophilic monomers include, but are not limited to (a) 
hydroxylated C-C-alkyl acrylates and methacrylates that 
illustratively include 2-hydroxylethyl methacrylate 
(HEMA), 2-hydroxylethyl acrylate (2-HEA), glyceryl meth 
acrylate (GMA), 3-hydroxypropyl methacrylate, 3-hydrox 
ypropyl acrylate, 4-hydroxybutyl methacrylate, 4-hydroxy 
butyl acrylate, N-vinylpyrrolidone (NVP), 
a-methylglucoside-6-methacrylate, polyhydroxy Sucryl 
alkyl acrylates, N-(2-hydroxypropyl) methacrylamide, 
N-methylmethacrylamide, poly(ethyleneglycol)(n) 
monomethacrylate, (b) poly(C-C alkylene ether)(n) mono 
C-C alkyl ether acrylates or methacrylates Such as poly 
(ethylene glycol)(n) monomethyl ether-monomethacrylate, 
wherein “n” has an average value of about 12 to about 160, 
and (c) amide-containing monomers that illustratively 
include N-vinyl-N-methyl acetamide, vinylmethyl sulfone, 
N-acryloylmorpholine, N-methacryloyl morpholine, 
N-acryloyl-piperidine, N-methacryloylpiperidine, acryla 
mide, methacrylamide, mono- and di-N-C-Cio-alkyl, ben 
Zyl and phenyl acrylamides and methacrylamides Such as 
N-isopropylacrylamide (N-IPA), N-(t-butyl)acrylamide, 
N-(octyl) acrylamide, N-decylmethacrylamide N-benzyl 
methacrylamide, N-phenylmethacrylamide, N,N-dimethy 
lacrylamide (DMA), N,N-dimethylmethacrylamide 
(DMMA), N,N-dipropylacrylamide, and the like. 
0.063 A contemplated hydrophilic monomer is non-ionic 
under conditions of intended use, e.g., the monomer does not 
exhibit a charge in water at pH values of 6-8, and particu 
larly at pH 7.2-7.4. Thus, anionic monomers that exhibit a 
negative charge at those pH values are excluded from this 
class of monomers, as are cationic monomers that exhibit a 
positive charge at those pH values. 
0.064 More preferably, the hydrophilic monomers are 
non-ionic and contain an acrylamide, methacrylamide, an 
acrylate ester or a methacrylate ester group. These mono 
mers are exemplified by unsubstituted, mono- and di-Sub 
Stituted C-C-alkyl acrylamide and methacrylamide, and 
hydroxylated C-C-alkyl acrylate and methacrylate esters. 
Particularly preferred non-ionic monomers that contain an 
acrylamide, methacrylamide, and acrylate or methacrylate 
ester group are Selected from the group consisting of 
HEMA, 2-HEA, GMA, DHPA, 3-hydroxypropyl methacry 
late, 3-hydroxypropyl acrylate, 4-hydroxybutyl methacry 
late, 4-hydroxybutyl acrylate, DMA and DMMA. N.N- 
Dimethylacrylamide is most preferred. 

0065. Another group of co-monomers contains a vinyl 
group that is preferably an acrylate or methacrylate, and 
tris(trimethylsiloxy)silyl group, and has a molecular weight 
of about 6000 grams per mole or less. Suitable monomers 
include methacryloxypropyltris(trimethylsiloxy)Silane (T1), 
methacryloxypropyltris(trim 
ethylsiloxydimethylsiloxy)silane (T2), N-tris(trimethylsi 
loxy)silylpropyl)methacrylamide (TSMAA), N-tris-(trim 
ethylsiloxy)silylpropylacrylamide (TSAA), 
N-tris(trimethylsiloxy)silylpropyl)methacryloxyethyl car 
bamate (TSMC), N-tris(dimethylpropylsiloxy)silylpropyl 
methacrylamide, N-tris-(dimethylphenylsiloxy)silylpropyl 
methacrylamide, N-tris(trimethylsiloxy)silylpropyl 
methacryloxy-glycerylcarbamate, 
N-tris(dimethylethylsiloxy)silylpropyl)methacrylamide, 
N-tris(trimethylsiloxy)silylpropyl)methacryloxyacetamide, 
N-tris(trimethylsiloxy)silylpropyl)methacryloxymethyl 
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dimethylacetamide, vinyl-tris(trimethylsiloxy)Silane, Vinyl 
tris(dimethysiloxy)silane, allyl tris(trimethylsiloxy)Silane, 
and (3-acryloxypropyl) tris(trimethylsiloxy)Silane. A pre 
ferred tris(trimethylsiloxy)silyl group-containing monomer 
is an amide or ester of acrylic acid or methacrylic acid. The 
monomers referred to as T1 and T2 are particularly preferred 
for use herein. 

0066. The weight ratio of tris(trimethylsiloxy)-silyl 
group-containing monomer to hydrophilic monomer is typi 
cally about 0.3:1 to about 2:1, and is more preferably about 
0.6:1 to about 2:1. That ratio is most preferably about 0.7:1 
to about 1.4:1, and is often expressed herein as a weight ratio 
of particularly preferred tris(trimethylsiloxy)silyl group 
containing monomer T1 to particularly preferred hydro 
philic monomer DMA. 

0067. The invention is usually carried out with a hydro 
phobic aromatic or aliphatic monomer or a mixture of those 
monomers that is copolymerizable with the Selected hydro 
philic monomer and tris(trimethylsiloxy)silyl group-con 
taining monomer. Examples of hydrophobic aromatic mono 
mers include styrene, 2,4,6-trimethylstyrene (TMS), t-butyl 
styrene (TBS) and 2-vinylnaphthalene. Of these monomers, 
a styrene-containing monomer is preferred. A Styrene-con 
taining monomer is defined herein to be a monomer that 
contains a vinyl group bonded directly to a phenyl group in 
which the phenyl group can be Substituted by other than a 
fused ring, e.g., as above with one to three C-C alkyl 
groups. Styrene itself HC–CH-CH is a particularly 
preferred Styrene-containing monomer. Hydrophobic ali 
phatic (non-aromatic) monomers include C-C aliphatic 
esters of acrylic acid or methacrylic acid. Exemplary mono 
mers include methyl methacrylate, ethyl methacrylate, 
methyl acrylate, propyl methacrylate, iso-propyl methacry 
late (iso-propyl MA), propyl acrylate, iso-propyl acrylate, 
butyl methacrylate, hexyl acrylate, octyl methacrylate, decyl 
methacrylate and the like. Of these monomers, methacry 
lates are preferred over acrylates, with Shorter ester chains 
(C-C) being preferred over longer chains. 
0068 The hydrophilic monomer and tris-(trimethylsilox 
y)silyl group-containing monomer are also usually co-po 
lymerized with a fluorinated monomer containing 3 to about 
20 fluorine atoms per monomer molecule that itself contains 
4 to about 20 carbon atoms, and preferably contains about 6 
to about 15 carbon atoms, Sometimes also referred to a 
polyfluorinated monomer. A polyfluorinated monomer has a 
molecular weight of less than about 700 grams per mole. 
When the terms fluorine-containing or fluorinated monomer 
are used herein, it should be understood to exclude fluori 
nated Siloxy-containing monomers. 

0069 Preferred fluorinated monomers include 2-(N- 
ethyl-perfluorooctanesulfonamido)-ethylacrylate (FX-13), 
2-(N-ethyl-perfluoro-octanesulfonamido)ethyl methacrylate 
(FX-14), 2,2,2-trifluoroethyl methacrylate (TEM), 1H, 1H, 
7H-dodecafluorohepty1 acrylate (DFHA), hexafluoroisopro 
pyl acrylate, 1H, 1H,2H2H-heptadecafluorodecyl acrylate, 
pentafluorostyrene (PFS), trifluoromethylstyrene, pentafluo 
roethyl acrylate, pentafluoroethyl methacrylate, hexafluor 
oisopropyl acrylate, hexafluoroisopropyl methacrylate 
(HFIPMA) and the like. A preferred fluorinated monomer 
containing 3 to about 20 fluorine atoms per monomer 
molecule is an amide or ester of acrylic acid or methacrylic 
acid. Particularly preferred fluorinated monomers contain 
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ing 3 to about 20 fluorine atoms per monomer molecule are 
FX-13, FX-14 and 1H,1H,2H,2H-heptadecafluorodecyl 
acrylate that contain 13 or 14 carbon atoms and PFS and 
HFIPMA that contain six to eight carbon atoms. The most 
preferred of these monomers are FX-13 and FX-14 that are 
Sulfonamido ethyl esters of acrylic acid or methacrylic acid. 

0070 Cationic monomers are also useful in a contem 
plated ophthalmic lens. Suitable cationic monomer materials 
have a molecular weight of about 600 grams per mole or 
less, and include a quaternary ammonium group or a tertiary 
amine group that can be protonated at a pH value of about 
7.2-7.4 (physiological pH values). Illustrative monomers 
include the tertiary C-Co-alkyl, C-C-alkanol, and benzyl 
aminoethyl or N-morpholinoethyl esters of acrylates and 
methacrylates Such as 2-dimethylaminoethyl methacrylate 
(DMEAM), 2-N-morpholinoethyl methacrylate (MEM), 
N,N-diethanolaminoethyl methacrylate, N,N-dimethoxy 
ethylaminoethyl methacrylate, Vinyl amine, aminostyrene, 
2-vinyl pyridine, 4-Vinyl pyridine, N-(2-vinyloxyethyl)pip 
eridine and quaternary ammonium compounds Such as 3-tri 
methylammonium-2-hydroxypropyl methacrylate chloride 
(TMAHPM), 2-trimethylammoniumethyl methacrylic 
hydroxide, 2-trimethylammoniumethyl acrylic hydroxide, 
2-trimethyl-ammonium methyl methacrylic chloride, 2-trim 
ethylammonium methyl acrylic chloride, and 2-methacryloy 
loxy ethyltrimethylammonium methyl Sulfate. A cationic 
monomer that is an ester of acrylic or methacrylic acid is 
preferred. When included, a cationic monomer is typically 
present at about 15 to about 30, and more preferably about 
20 to about 25, weight percent. MEM and DMAEM are 
particularly preferred cationic monomer. 

0071. Some aspects of the invention contemplate the 
co-polymerization of (a) a non-ionic hydrophilic monomer, 
(b) a tris(siloxy)silyl group-containing monomer, (c) a 
hydrophobic aromatic monomer Such as a Styrene-contain 
ing monomer, (d) a polyfluorinated monomer, a cationic 
monomer, a hydrophobic non-aromatic monomer or a mix 
ture of two or three of those monomer types and (e) a 
croSS-linking agent. Polyfluorinated, cationic and hydropho 
bic non-aromatic (aliphatic) monomer types are as discussed 
before. 

0.072 Another class of preferred siloxy monomers are 
those that contain poly(dimethylsiloxy)silyl-containing 
group and are typically polysiloxane Vinylic monomers that 
are preferably an ester or amide of acrylic acid or meth 
acrylic acid. Exemplary materials include MD3 (MW=386), 
MD5 (MW-550), MD9 (MW=1000) and MD63 (MW= 
5000) that are monomethacryloxypropyl-terminated poly 
dimethyl siloxanes, M2D63 that is a methacryloxy propyl 
end-blocked dimethyl silicone fluid (MW=5000), M2K2 
that is 1,3-bis (3-methacryloxypropyl)tetrakis-(trimethylsi 
loxy)disiloxane (MW=683.25), and M2D2 that is 1,3-bis 
(3-methacryloxypropyl)-tetramethyldisiloxane 
(MW=386.64). The vinyl-terminated polydimethyl silox 
anes VD2 (MW=500) and VD5 (MW=770) are also con 
templated. Particularly preferred monomers containing a 
poly(dimethylsiloxy)silyl group are mono-acrylate, meth 
acrylate, acrylamide or methacrylamide compounds linked 
to a dimethyl silicone portion such as MD9 and MD63; i.e., 
monomers having molecular weights of about 1000 to about 
5OOO. 

Aug. 8, 2002 

0073. A polymerized cross-linker is also usually present 
in a contemplated ophthalmic lens. Suitable cross-linkers, or 
croSS-linking agents include ethyleneglycol dimethacrylate 
(EGDMA), 1,6-hexanediol diacrylate (HDODA), 1,4-bu 
tanediol diacrylate (BDODA), trimethylolpropane triacry 
late (TMPTA), tripropyleneglycol diacrylate (TRPGDA), 
diethyleneglycol diacrylate (DEGDA), tetraethyleneglycol 
diacrylate (TEGDA), pentaerythritol triacrylate, pentaeryth 
ritol tetraacrylate and the like. EGDMA is particularly 
preferred. 

0074. A co-polymerization containing the desired mono 
mer and croSS-linker, when present, also typically contains 
an of an activator or initiator Such as (2,2-azobisisobuty 
ronitrile (AIBN; V-64), t-butyl hydroperoxide, di-t-butyl 
peroxide and the like as are well known. A sensitizer for UV 
polymerization can also be present. Co-polymerization by 
ionizing radiation usually does not require an initiator. AS 
noted before, combinations of polymerization techniques 
can be used to initiate and propagate the free-radical poly 
merization chain reaction that is used herein. 

0075. The oxygen permeability of the polymer and lens is 
preferably at least 45 barrers, more preferably at least 50 
barrers (greater than 50 barrers), and most preferably at least 
60 barrers (greater than 60 barrers). The lens center thick 
neSS is typically more than about 50 microns, preferably 
about 50 to about 200 microns, more preferably about 50 to 
about 150 microns, even more preferably about 50 to about 
120 microns, and most preferably about 60 to about 100 
microns. 

0076. The oxygen transmissibility of a contemplated lens 
from the outer Surface to the inner Surface is Sufficient to 
prevent any Substantial corneal Swelling during prolonged 
wear. U.S. Pat. No. 5,760,100 reports it to be known that the 
cornea Swells approximately 3 percent to 4 percent during 
overnight periods of sleep as a result of oxygen deprivation, 
and that wearing a typical contact lens, such as ACUVUE(R) 
(Johnson & Johnson), for a period of about 8 hours (over 
night wear) can cause corneal Swelling of about 11%. 
0077. A contemplated ophthalmic lens is usually pre 
pared by co-polymerization of constituent monomers neat, 
in the absence of a diluent or non-co-polymerizing Solvent. 
The molded polymerization of Such a composition is often 
referred to as dry casting. It is noted, however, that the 
co-polymerization can also be carried out in the presence of 
a non-co-polymerizing Solvent. Such a molded polymeriza 
tion is often referred to as wet casting. 

0078. A non-co-polymerizing solvent for wet casting 
ophthalmic lenses is miscible in the monomer mixture and 
is readily removable from the polymerized lens. Exemplary 
Solvent removal methods include evaporation, Washing in 
water or Saline or the like. An exemplary Solvent is prefer 
ably a water-miscible C-C monohydric alcohol Solvent 
Such as methanol, ethanol, propanol, iso-propanol, Sec 
butanol and t-butanol, although other Solvents Such as 
acetone, 2-butanone, tetrahydrofuran, benzene and toluene 
are also contemplated. A wet casting Solvent can be present 
in an amount less than that lowers the provides a StreSS at 
break value to 0.03 N/mm. In usual practice, the solvent is 
present at a concentration of less than about 20 weight 
percent of the total copolymerization composition, and more 
preferably at about 15 weight percent or less. 
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0079. It has been Surprisingly found that wet casting; i.e., 
co-polymerizing lens-forming monomers in the presence of 
a non-co-polymerizable Solvent, can increase the oxygen 
transmissibility of a formed lens by about 5 to about 20 
percent compared to a dry cast lens prepared from the same 
monomers in the same proportions. (It is noted that “the 
Same monomers in the same proportions' includes slight 
increases in initiator and croSS-linker in the wet cast com 
position to account for the slight dilution of the composition 
due to the Solvent.) This enhancement in oxygen transmis 
Sibility appears to occur in lenses containing (a) a non-ionic 
hydrophilic monomer comprising a methacrylamide or acry 
lamide and (b) a tris(siloxy)silyl group-containing monomer 
that are present in the amounts discussed elsewhere herein, 
and is particularly evident in those compositions that also 
include a poly-(dimethylsiloxy)silyl monomer. 

0080 Assay Procedures 

0081) Bulk Water Content 

0082. As used herein, the water content of a lens, unless 
otherwise noted, is the weight percent of water based on the 
total weight of the hydrated lens. The measurement of this 
water content is difficult because the removal of adhered 
Surface droplets, without affecting the bulk lens water con 
tent, is not trivial. In addition, water can evaporate from the 
lens Surface quickly, thereby lowering the water content 
from the equilibrium level. Accordingly, a discussion of the 
bulk water content of a lens warrants a discussion of the 
measurement technique used for that determination. 
0083) The preferred bulk water content of the hydrated 
lens is a function of the lens material properties. The 
material properties are dependent on the pre-polymerization 
macromers and monomers and polymerization conditions. 
Thus, the preferred water content for a lens including a 
fluorine-containing Siloxane material can be different from 
that of a lens including a non-fluorine-Siloxane-containing 
material. Accordingly, although general ranges for bulk 
water content are offered for a better understanding of the 
invention, the invention is not generally limited to specific 
bulk water contents. 

0084. One method of measuring the water content of a 
lens formed in accordance with the present invention is 
referred to herein as the “Bulk Technique”. The Bulk Tech 
nique procedure is as follows. 

0085 First the lens is thoroughly hydrated in a physi 
ological Saline Solution (0.9 percent Sodium chloride), Such 
that the water in the lens is in equilibrium with the Sur 
rounding water. Next the lens is gently blotted between two 
lint-free blotting cloths to remove surface moisture. The lens 
is quickly placed on an aluminum weighing pan and the first 
wet weight, W, is measured. Next, the aluminum pan with 
lens is placed in an oven at 36 C. for a period of at least 24 
hours. After heat treating, the pan with lens is removed, 
placed in a desiccator, and permitted to cool to room 
temperature (about 22 C.). The pan with lens is weighed 
again to determine the dry weight, W. The lens is re 
equilibrated in physiological Saline Solution and a Second 
wet weight W is determined thereon. The wet weights (W 
and W) are averaged to yield an average wet weight, W. 
The bulk water content is determined by the following 
equation: 
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W – W. 
Percent water content = x 100 

w 

0086 An additional method of measuring the water con 
tent of a lens formed in accordance with the present inven 
tion, referred to herein as the "Refractometer Technique”, 
utilizes a refractometer Such as an Atago" Refractometer 
and is as follows: 

0087. 1. Preparation of Stock Saturated 

0088 Salt Solution: 
0089. A stoppered glass container is one-half filled with 
Salt (Sodium chloride), deionized water is preheated to 
40-45 C. and is added until the container is three quarters 
full. A Teflon-coated Stopper is used to Seal the container. 
The container is shaken for 2 minutes, then stirred for 30-60 
minutes. The Supernatant of this Solution is used to calibrate 
the refractometer's Scale. If all of the Salt is dissolved in the 
Solution (that is, there is no Salt remaining at the bottom of 
the container), additional Salt is added until there remains a 
residue that will not dissolve. The mixture is cooled to room 
temperature. 

0090 2. Scale Adjustment: 

0091. The scale is calibrated at room temperature. The 
daylight plate is opened, and a few drops of the Saturated Salt 
Solution are placed on the prism Surface using a disposable 
pipet. The daylight plate is closed. The Solution should cover 
the whole prism Surface when the daylight plate is closed. 
The boundary between the upper and lower parts of the field 
are aligned with the “S” marking on the Scale. 

0092) 3. Measurement Technique: 

0093. The lens is lightly dabbed with a soft lint-free 
tissue to remove exceSS Surface moisture. The daylight plate 
is opened and the lens is placed on the centerprism with the 
conveX Surface of the lens facing downward. The central 
portion of the lens is in opposition with the prism Surface. 
The daylight plate is gently closed with the application of 
light pressure to the top of the plate So that the lens is 
between the daylight plate and prism. The eyepiece is 
focused So that the Scale can be clearly observed. The upper 
portion of the field of view should appear blue, and the lower 
portion white. The position of the boundary between the 
upper and lower parts of the field indicates the water content 
in weight percent of the lens, which is read off the vertical 
Scale. 

0094) Corneal Movement and Adhesion 
0095. It has been recently proposed in the art that ion 
permeability through the lens correlates well with on-eye 
movement. AS discussed earlier, it is known that on-eye 
movement of the lens is desired to ensure good tear 
eXchange, and ultimately, to ensure good corneal health. 
Although not wishing to be bound by the hypothesis pre 
Sented herein, it is thought useful to discuss a few possible 
mechanisms to prevent corneal adhesion to better under 
Stand ways to practice the invention. 
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0096. It is proposed that water permeability is one impor 
tant feature for an extended-wear lens. Siloxane-containing 
materials tend to adhere Strongly to the eye, thereby stopping 
on-eye movement via forces exerted by water being 
Squeezed out of the lens. The ability to pass water through 
the lens is thought to permit a polymeric lens to relax and 
continue to move on the eye. The water permeability of the 
lens is also believed important in replenishing lens water 
content once pressure is removed. Indeed, the lack of 
sufficient ophthalmic fluids under the lens may contribute to 
adhesion of the lens to the cornea. Thus, water permeability 
is thought to be one predictor of on-eye movement. 

0097. Others have been heavily involved in trying to 
solve the corneal adhesion problem to develop a 30-day 
extended wear lens. Nicholson et al., U.S. Pat. No. 5,760, 
100, for example, theorized that a certain water permeability 
is required for proper tear exchange to reduce corneal 
adhesion. They measured ion or radio-labeled glucose flux 
as a pseudo-indicator of the amount of water flowing 
through the contact lens. Those inventors assert that the ion 
diffusivity coefficient should be greater than 2.6x10 mm / 
min to permit on-eye movement. 

0098. Measured Lens Properties 

0099 Lens diameters were determined using a machin 
ist's microScope, whereas center thickness was measured 
using a Rehder'M Electronic Thickness Gauge (Model 
ET-3). Lens power was determined on a TopconTM LM-P5 
Digital Lensmeter. Water content was measured using an 
Atago TM refractometer according to the "Refractometer 
Technique"M” described above. Oxygen permeability mea 
surements were performed by Mocon Corp. (Minneapolis, 
Minnesota) according to their OptiPermTM technology, as 
described in U.S. Pat. No. 5,817.924, whose disclosures are 
incorporated by reference. In-house laboratory oxygen per 
meabilities were determined using a Rosemount Scientific 
dissolved oxygen sensor (model 499 ADO) connected to a 
Rosemount microprocessor analyzer (model 1054B). This 
system measures Dk values in a method similar to the ANSI 
Standards (ANSI:Z80.20 Standard terminology, tolerances, 
measurements and physiochemical properties. Contact 
lenses 1996) method with a slightly different electrode 
configuration. 

0100. The analyzer was calibrated using standard contact 
lens materials. Methods and calculations used to perform Dk 
measurements on the Soft contact lenses are as discussed 
herein below. Fresh borate-buffered saline, pH 7.48, was 
made prior to use. All water content numbers were measured 
using the Atago TM hand refractometer (Model CL-1, Japan), 
with contents lower than 35 percent being estimated. 

0101 The contact lens was mounted in a lens holder over 
the oxygen Sensor. Any air bubbles were removed, and the 
apparatus was immersed in physiological Saline Solution 
kept at a temperature of 37 C. with a circulating water bath. 
After an equilibration time, the oxygen level with the lens on 
the Sensor was compared to the level without the lens in 
place. The corresponding oxygen permeability can be cal 
culated from the following formula: 
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P. 
P = K 

(P - P.) 

0102) 
0103) P=Dk permeability value (barrers); 
0104 L=lens sample thickness (mm); 
0105 L =Teflon(R) membrane thickness covering 
oxygen Sensor (0.05 mm for Supplied membranes); 

wherein 

0106 P=steady state oxygen transport across the 
lens and Teflon(R) membrane (ppm); 

0107 P=steady state oxygen transport across the 
Teflon(E) membrane, lens absent (ppm, usually 6.4); 

0.108 K=a constant determined from reference 
lenses (Dk); typically between 9-14 Dk units. 

0109 ATR Protein Assay 
0110 For this in vitro assay, a lens is placed in the 
appropriate protein Solution (normally lysozyme concentra 
tion of 0.46g/L to simulate physiological conditions) for the 
desired length of time. The lens is rinsed, blotted, and placed 
on the ATR crystal. After normalization and subtraction with 
a Stored control spectrum, the presence of protein can be 
observed by examination of the Amide I and II peaks. The 
amount of protein can be determined by comparing the 
absorbance at these wavelengths with a calibration curve. 
This analysis method can determine the amount of protein 
deposited on a contact lens exposed to a protein Solution or 
WO. 

0111 Equipment Required: 
0112 1. FTS-20 Infrared Spectrometer (Bio-Rad(R) 
0113 2. ATR accessory (4091-0507B, Bio-Rad(R) 
0114) 3. ZnSecrystal (#989-0160, 84 mmx9 mmx6 
mm, Bio-Rad(R) 

0115) 4. pH meter 
0116 5. 10 ul. Eppendorf micropipette 

0117 Supplies needed: 
0118 1. 0.9% Sodium chloride irrigation solution, 
USP (Baxter), 1.5 L 

0119 2. 8.4% Sodium bicarbonate solution, USP 
(Abbott Laboratories) 

0120 3. 10 mL injection syringe 
0121 4. Kimwipes(R) 
0.122 5. Lysozyme, lyophilized, from chicken egg 
whites (Sigma, L6876) 

0123 6. 100 mL volumetric flask 
0124 7. Plastic tweezers 

0125 Procedure 
0.126 Buffered normal saline solution should be made 
prior to experimentation. Briefly, 0.25 mL of sodium bicar 
bonate buffer is added to 1.5 L of sodium chloride irrigation 
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buffer using a Sterile 10 mL injection Syringe. The Solution 
has a pH value between 7.6-7.2. Lysozyme dilution is 
performed using glass 100 mL volumetric flask. 
0127. 1. Lysozyme Calibration Curve 
0128. The ATR accessory is placed in the IR light path, 
as directed by the ATR accessory manual. The interferogram 
center burst verifies that the crystal is aligned in the IR beam 
(~0.85 V in amplitude). The IR parameters should be as 
follows: open aperture, 5 kHz scan speed, and 1.5 kHz low 
pass filter. 
0129. The ZnSecrystal is cleaned by brushing the surface 
with a Kimwipe(R)-wrapped cotton Swab soaked with 1-2 
drops of methanol. No methanol signal should be evident on 
the crystal after a few Seconds of air drying. A background 
Single-beam spectrum is obtained by Signal-averaging 32 
SCS. 

0130 Control spectra of each contact lens material are 
obtained from fresh lenses from production. Each lens is 
removed from its Storage Solution using polypropylene 
tweezers and placed on a KimWipe(R). ExceSS buffer Solution 
is removed by blotting the lens with another Kimwipe(R); any 
visible buffer makes Subtraction of the contact lens Substrate 
more difficult. The lens is placed on the ZeSe crystal and 
compressed using the ATR Sample holder to increase absor 
bance. This area is calculated to be approximately 1.215 cm 
for a 14.5 mm contact lens on the 9 mm wide crystal. 
Subsequent Studied lenses are compressed to make the 
absorbance peak at 1,703 cm the same as this control peak 
(within about 0.01 absorbance units). This normalizes the 
Spectra, ensuring the lens contact areas are identical. Other 
peaks could be used for normalization, but this peak is 
convenient for acrylic-type hydrogels. 

0131) A lysozyme calibration curve is constructed by 
placing known concentrations of lysozyme Solution on the 
ZnSe crystal using a 10 ul Eppendorf pipette when analyZ 
ing a new contact lens material. Approximately 10 drops of 
the Solution are spread over the crystal to ensure monolayer 
protein coverage. A drying time of 15 minutes is used, based 
upon visible and IR observations. Aspectrum of each protein 
concentration is made by Signal averaging 32 Scans. 

0132) The Amide II peak height at 1,540 cm is used to 
construct a calibration curve. This particular peak has leSS 
error from Overlapping water bands compared with the 
Amide I peak. A least Square fit linear regression model 
provides an equation relating deposited protein to absor 
bance (absorbance units; a.u.) of the Amide II peak: 

A(a.u.)X 491.617=(protein deposited in lug) (1) 

0.133 2. Protein Deposits on Lenses 
0134 Each lens to be assayed is placed within a vial 
containing the protein Solution of interest (typically 0.46g/L 
lysozyme in buffer Solution is used). The sample vials are 
sealed and placed in a water bath at 37 C. for the desired 
duration. The lenses are removed from the bottle, blotted dry 
with Kimwipes(E), and placed on the ATR-FTIR for analysis. 
The spectrum is adjusted with the Sample holder to make the 
1703 cm peak height the same as the control lens (see 
above). The control contact lens spectrum is used to Subtract 
the absorbance due to the Substrate. This results in a Spec 
trum of the residual proteins deposited on the lens. The 
protein concentration deposited on the Surface of the lens 
now can be determined from the calibration curve. 
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0135 Water Flux 
0.136 Rather than measuring ion permeability, one can 
directly measure the actual water flow rates, i.e., water flux, 
through these lenses. This provides a more physiological 
representation of how water can transport acroSS a lens and 
air-lens interface. A lens made in accordance with the 
present invention typically has a significantly larger water 
flow rate than the prior art lenses made from Silicon 
containing monomers. Preferably, the water flux is greater 
than about 0.40x10 g/cm-sec. More preferably, the water 
flux is greater than about 0.50x10 g/cm-sec. With the 
higher water flux, a contemplated lens can exhibit a higher 
tear exchange rate and is less likely to adhere to human eyes, 
although a Surface treatment can Still be required to provide 
a desired amount of movement of a lens on the eye. A 
reliable method to measure water flow is described as 
follows: 

0137 Procedure: 
0.138 An experimental apparatus 1 is shown in cross 
Section in FIG. 1. This device is filled with a buffer Solution 
3 (11.3 mM sodium chloride, 8.1 mM boric acid, 0.3 mM 
Sodium borate, pH 7.2-7.5; hereinafter borate-buffered 
Saline) and a contact lens 5 is placed on top. A cover 7 is 
placed over the lens with an O-ring 9 pressing the lens 
against the lens holder. A 6.3-mm hole 11 in the cover 
permits water to flow from the lens holder reservoir through 
the lens and out the cover. The lens cover has a matching 
hole 13 for water passage, and is fixed in place with a Screw 
ring 15. Excess buffer solution is removed with an absorbent 
Wipe. 

0.139. The entire water flow apparatus is placed on an 
AE200 Mettler(R) balance. The balance is enclosed in a glove 
bag (Aldrich AtmosBag(R), Z11, 282-8), which is sealed 
rapidly with a quick closing glove bag clamp (IR, AC-24). 
Air is passed through a bubbler into the bag. The bubbler is 
filled with a glycerol/water mix (69.4% w/w glycerol) to 
bring the relative humidity inside the bag to about 50% after 
5-10 minutes. The relative humidity and temperature are 
monitored using a Mannix(R) model LAM 880D pocket 
thermo-hygrometer. The reading on the Mettler(R) balance is 
monitored by a data acquisition program. 
0140. One embodiment of the invention uses a cationic 
monomer in the lens polymer material and provides a 
prolonged wear lens. This embodiment involves the attrac 
tive ionic forces between a cationic polymer and an anionic 
mucin layer of the tear film to adhere mucinto the lens. 
0.141. It is believed that a cationic-modified base lens can 
prevent corneal adhesion through attraction of the tear 
mucin layer. Silicones have low Surface energy and can repel 
the mucinous layer that makes up the foundation of the 
ocular tear film. This disruption of the tear film may be a 
reason for adherence of a contact lens to the cornea even 
with lenses having high water flow. A lens with a formal 
positive charge at physiologic pH values (e.g., about 7.2-7.4) 
can electrostatically attract and deposit the negatively 
charged mucin layer. 
0142. A contemplated prolonged wear contact lens com 
prises a co-polymer of (a) a non-ionic hydrophilic monomer, 
(b) a tris(siloxy)silyl group-containing monomer, (c) a cat 
ionic monomer, (d) a polyfluorinated monomer, a poly 
(dimethylsiloxy)silyl monomer, a hydrophobic monomer 
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(aromatic or non-aromatic monomer) or a mixture of two or 
three of those monomer types and (e) a cross-linking agent 
is also contemplated. This lens exhibits an oxygen trans 
missibility of about 45 to about 150 Dk units, and a water 
content at equilibrium hydration of about 35 to about 55 
weight percent. The lens Separately binds mucin and 
lysozyme in vitro at a ratio by weight of about 1:2 to about 
2:1 and in an amount of about 0.75 to about 2.5 lug/cm’, 
when those proteins are separately present at initial concen 
trations of 0.46 g/L in aqueous buffers at a pH value of 
7.2-7.6. Thus, in separate in vitro studies, the lens binds both 
lysozyme and mucin in similar amounts (about 1:2 to about 
2:1 by weight), and preferably in about the same amount 
(about 1:1) using the assay discussed elsewhere herein in 
which each protein is initially present at 0.46 g/L in an 
acqueous buffer having a pH value of about 7.2-7.6. The 
particular buffer is not thought to be particularly important. 
However, it is preferred to use a sodium bicarbonate buffer. 

0143 Regardless of the mechanism of improved ocular 
movement, it has been unexpectedly found that contem 
plated contact lenses that include a cationic or hydrophobic 
monomer provide high water content and oxygen perme 
ability (Dk value), as compared to lenses known in the art. 

EXAMPLES 

0144. The following examples illustrate the invention 
and permit one of ordinary skill in the art to practice the 
invention. The following tables delineate polymer formula 
tions and resultant properties of contact lenses made accord 
ing to Several embodiments of the invention. 

0145 All monomers were purchased from Gelest, Inc., 
(Tullytown, Pa.), except where noted. MD9 (lot 86-6126, 
MW=1000) and MD63 (lot 95H-1068, MW=5000) are 
monomethacryloxypropyl-terminated polydimethylsilox 
anes. M2D63 is a methacryloxy propyl end-blocked dim 
ethyl silicone fluid (#GP-478, Genesee Polymer Corp, Flint 
Mich., MW=5 kD). M2K2 is 1,3-bis(3-methacryloxypropy 
l) tetrakis-(trimethylsiloxy)disiloxane (SIB 1400.0, 
MW=683.25). M2D2 is 1,3-bis(3-methacryloxypropyl)-tet 
ramethyldisiloxane (SIB 1402.0, MW=386.64). T-1 is meth 
acryloxypropyltris(trimethylsiloxy) silane (MW=422.82, lot 
98-6898). 2,4,6-Trimethylstyrene (TMS), dimethylacryla 
mide (DMA), 2-N-morpholinoethyl methacrylate (MEM) 
and octyl methacrylate (OMA) were purchased from Mono 
mer-Polymer & Dajac Labs (Feasterville, Pa.), whereas 
methyl methacrylate (MMA), styrene and 4-t-butylstyrene 
were purchased from Aldrich Chemical Co., (Milwaukee, 
Wis.). 

CH P CH 
HC O Si-O CH 
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0146) MD3 (MW=about 390, n about 3) 
0147 MD5 (MW=about 550-700, n=about 5) 
0148 MD9 (MW=about 1000, n=about 9) 
0149 MD63 (MW=about 5000, n=about 63) 
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--~~ s S. 
CH, CH \- 

CH 

0150 VD2 (MW=about 500) 
0151. GentleTouchTM and FreshlookTM lenses were 
obtained from Wesley Jessen Corporation, Des Plaines, Ill. 
Other lenses were purchased from their manufacturers. 
0152 The various samples were prepared for dry casting, 
in which 400 till of the monomer Solution were placed in the 
female part of a casting cup, the male part placed in the 
female part, and the exceSS was evacuated off. After poly 
merization, the lenses were removed and then hydrated 
overnight (about eighteen hours) in borate-buffered Saline 
(pH 7.48) before being transferred to contact lens (CL) vials 
containing packaging Solution for Storage. 
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0153 Fresh LookTM casting cup molds were used from 
production (-3.00 or -0.50 D/14.5 mm dia/8.25 thick). 
Filling was done with an Eppendorf combitip plus 5 mL tip 
set at delivering 300-400 lull of monomer solution. Closing 
was done with a laboratory filler/closer (in hood). The 
DespatchTM (model LNO1-42-2, Minneapolis, Minn.) oven 
was used for thermal polymerization. 
0154) The polymer formed according to the formulations 
given in the following tables was accomplished according to 
either procedure A, B, or C. 
0.155) Procedure A 
0156 The monomers are mixed in the order of their mass, 
from lowest to highest. The mixtures were stirred suffi 
ciently to form a homogeneous Solution. Casting cups nor 
mally used in the art were prepared according to known 
techniques including corona activation of the male part. The 
reaction mixture previously prepared was placed in the 
female part of the casting cups. The casting cups were closed 
and placed in a reaction chamber. The atmosphere is 
removed by vacuum and replaced with an inert atmosphere 
such as N. The monomer mixture was subjected to UV 
energy Sufficient to cause polymerization. Suitable UV 
energy to cause polymerization is about 0.7 mW/cm to 
about 3 mW/cm' for between 1 to 6 hours, preferably for 2 
hours. 

O157 Procedure B 
0158 An ophthalmic lens according to this procedure is 
formed following the mixing procedure presented in Proce 
dure A except that final polymerization is accomplished 
through thermal energy initiation of the free radical chain 
reaction. Any temperature range Suitable to cause polymer 
ization of the mixture of monomerS is acceptable. Suitable 
temperature ranges include between about 60° C. to 150 C. 
and preferably between 80 C. and 120° C. for a period of 
time to permit the desired polymerization to occur. Suitable 
periods of time for accomplishing the desired polymeriza 
tion are about 0.25 to about 4 hours, preferably about 2 to 
about 4 hours, and most preferably about 4 hours. The 
ambient atmosphere in the oven can be partially or com 
pletely replaced with an inert gas Such as nitrogen or argon. 
0159. It is often desirable to combine the above two 
procedures Such that UV initiated polymerization is also 
caused to cure under thermal polymerization conditions, and 
Vice versa. Additionally, one technique can be used to post 
cure lenses prepared by the other technique. 
0160 Procedure C 
0.161 The monomer-filled and closed casting cups are 
placed in a Steel block autoclave at a predetermined mini 
mum temperature such as about 110° C. The monomer 
mixture is thermally polymerized for a time period of about 
ten to about fifteen minutes at a temperature of about 110 to 
about 140 C. and more preferably at about 120 to about 
135 C., after which time the casting cups are removed, 
opened, the lenses removed and hydrated as discussed 
before. A similar high temperature fast polymerization can 
also be carried out in a DespatchTM oven (Model LNO1-42-2, 
Minneapolis, Minn). 
0162 Interestingly, when this polymerization procedure 
was used with a formulation containing HEMA as the 
non-ionic hydrophilic monomer in place of an amide-con 
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taining monomer Such as an unsubstituted, mono- and 
di-Substituted C-C-alkyl acrylamide and methacrylamide 
Such as DMA, the resulting lens was opaque rather than 
being clear. In addition, this polymerization procedure can 
be used in the presence of atmospheric oxygen as well as in 
the presence of an inert atmosphere Such as argon or 
nitrogen. 

0163) Results 
0.164 Comparative Example A: Water Flow Studies 
0.165 Following the above procedure, various manufac 
tured contact lenses were measured for water flow. 
Fresh LookTM lenses (-3.00 D, Dia. 14.5, BC median, lot 
44555, exp. 12/00, center thickness=92 um), GentleTouchTM 
lenses (-3.00 D, Dia. 14.5, BC 8.5, lot WBYNT, exp. /3, 
center thickness=137 um). ClearviewTM lenses (0.00 D, Dia. 
13.8, BC 8.4, lot RAALB, exp. 10/99, center thickness=118 
um), and SilsoftTM lenses (elastofilcon, +12 D, Dia 12.5, 
B.C. 8.3, lot R85008683, exp. 7/00, center thickness=315 
pum) were used as received. The base lens (center thickness= 
127 um) and modified base lens (center thickness=114 um) 
were made according to Examples 0 and 4. All lenses were 
Soaked in borate-buffered Saline Solution for at least 30 
minutes prior to use. 
0166 The water loss rate in mg/hour for the different 
lenses was measured and compared as shown in Table 1, 
herein below. 

TABLE 1. 

Water Flux* O 
Water loss (x10 g/cm’- Permeability 

Material (mg/hr) sec) (barrer, Dk) 

Brass 1.2 O.10 O 
SisoftTM 2.4 O.2O 150-2OO 
Base Lens 3.8 O.32 51.5 
Modified 5.9 O.SO 63 
Base Lens 
Clearview TM 6.2 O.53 8.4 
FreshLook TM 6.8 O.58 18 
Borate- 9.4 O.80 
Buffered 
Saline 
GentleTouch TM 9.7 O.82 34.5 

*For commercially available lenses, the 02 Dk values are from figures 
published by the respective lens manufacturer. 
**Composition shown as Example O in Table 2. 
*** Composition as shown in Example 4, Table No. 3. 

0.167 The brass metal has the lowest water loss rate and 
should provide the error observed from water leakage 
around the Sample holder. Although low, this water leakage 
rate is measurable. Possibly, the brass does not conform well 
to the Surface of the lens holder, permitting a larger amount 
of water to Seep around the material than with the more 
compliant contact lenses. 
0168 The SilsoftTM lens has a slightly higher water flow 
than the brass, possibly because of the higher water vapor 
diffusion rate through the flexible Silicone matrix. Again, 
only water vapor can penetrate the lens, so SilsoftTM shows 
a low water flow rate compared to the hydrogels. This low 
water flow rate can cause the high degree of corneal adhe 
Sion Seen with this material, although repulsion of the mucin 
layer of the tear film may also account for the observed 
corneal adhesion. 
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0169. The original base lens, modified base lens, Clear 
viewTM, FreshLookTM, and GentleTouchTM lenses exhibited 
water flow loSS rates in order of their water contents. In fact, 
the GentleTouchTM lens had a water loss rate similar to that 
of the buffer (no lens) control Sample. Apparently, the 
GentleTouchTM matrix does not impede the flow of water 
acroSS this material. 

0170 Each of the ClearviewTM, Fresh LookTM and 
GentleTouchTM lenses moved well on the eyes of consenting 
test subjects. The Modified Base Lens (Example 4), which 
exhibited an almost identical water flux and Superior O. 
permeability to the ClearviewTM and Fresh LookTM lenses, 
appeared to be exhibiting Some adhesion to the Subjects 
eyes and the non-dispensed clinical Study was terminated. It 
thus appears that water flux, which measures the flow of 
water through the lens, is possibly leSS important to lens 
movement on the eye than has been asserted in the art, as in 
U.S. Pat. No. 5,760,100. Where lens movement on the eye 
as a result of the co-polymerized formulation is less than that 
desired, lenses can be treated by a plasma discharge as 
discussed in U.S. Pat. No. 5,760,100 to provide the desired 
movement, or other Surface modification techniques known 
to those skilled in the art, Such as those treatments disclosed 
in WO 99/57177,99/571.78 and 99/57179. 

Examples 0-17 

Contact Lenses 

0171 Table 2 shows the composition of a base lens 
formulation. Unless noted otherwise, all formulation/com 
position units are in grams-mass. This lens formulation 
includes a Silicone-containing monomer, T1, a hydrophilic 
monomer, DMA, Small amounts of a styrene-containing 
monomer, TMS, and a cross-linker EGDMA. But this for 
mulation does not contain a fluorinated hydrophobic mono 
mer. Although this lens formulation exhibits relatively 
adequate levels of oxygen permeability, it has a low water 
content measured as a weight percent of the total weight of 
the hydrated lens. Also, this lens exhibits adhesion to a 
human cornea that makes it unsuited for prolonged wear. 

0172 Examples 1, 2 and 3 demonstrate that the incorpo 
ration of a fluorinated monomer, containing 3 to about 20 
fluorine atoms per monomer molecule unexpectedly 
increases the water content of the lens without significant 
reduction in oxygen permeability. These lenses are believed 
to not adhere to the human cornea and, thus, are appropriate 
for prolonged wear. 

TABLE 2 

Example O Example 1 Example 2 Example 3 
Base Lens 7% FX-13 3.5% FX-13 14% FX-13 

Reagent (grams) (grams) (grams) (grams) 

V-64 O.3647 O.3642 O.3631 O.3593 

EGDMA O4921 O.4908 O.4876 O.4986 

TMS 1.1610 1.1588 1.1535 1.1509 

DMA 13.7084 13.7065 13.7140 13.7158 

T1 20.7070 18.1150 1941OO 15.5170 

FX-13 Zero 2.5037 1.2360 5.1599 

Total 36.4332 36.3390 36.3642 36.4O15 

Mass 

T1/DMA 1.51 1.32 1.42 1.13 

%. Water 2O 39 39 40 

Oxygen 515 45.8 43.8 50.3 

Dk 

0173 Table 3 shows the results of varying the amounts of 
Silicone-containing monomer, T1, hydrophilic monomer, 
DMA, and fluorinated hydrophobic monomer, FX-13 in the 
lens formulation. Giving considerable weight to the optical 
clarity of the lens, as well as resiliency to deformation, 
examples Nos. 4 and 15 (duplicates) appear to have more 
desirable combined characteristics along with water content 
and oxygen permeability. 

TABLE 3 

Ex. 4 Ex. 5 Ex. 6 Ex. 7 Ex. 8 Ex. 9 Ex. 10 Ex. 11 Ex. 12 Ex. 13 Ex. 14 Ex. 15 Ex. 16 Ex. 17 

Reagent 

V-64 O.1008 O.0997 O.O975 O.O988 O.O995 O.O97O O. 1017 O.1024 O.1OO5 O.1052 O.O982 O.O968 O.1039 O.O974 
EGDMA O.1272 O.1374. O.133O O.1398. O.1285 O.128O. O.1268 O.1359 O.1347 O.1354. O.1341. O.1367. O.1397 0.1373 
TMS O.3112 O.3188 O.3091 O.3139 O.3118 O.316S O.3O89 O.312O O.3217 O.3145 0.3158 0.3166 0.3131 O.31.65 
FX-13 O.933O O.9476 1.3333 O.9456 1.5151 18O27 1.1004 1.1132 1.6.187 13154 1.7434 0.9214 O.9288 O.9364 
DMA 4.2504 3.77SO 3.7828 3.3O27 3.3115 3.3099 3.93.79 3.4590 3.4692 3.62OO 3.3066 4.2468 3.31.22 3.7713 
T1 4.2498 4.7141 4.2492 S.1804 4.71.78 4.2494 44105 4.8777 4.4OO1 4.556O 4.2528 4.245O 5.1895 4.7311 
Total 9.9724 9.9926 9.9049. 9.9812 10.0842 9.9035 9.986.2 10.OOO2 10.0449 10.0465 9.8509 9.9633 9.9872 9.99OO 
Mass 
Parameter 

Diam (mm) 15.48 15.07 15.19 14.54 14.80 1483 15.37 14.91 14.93 15.O1 14.90 15.62 14.61 15.12 
CT (mm) O.O98 O.O94 O.O98 O.O93 O.096 O.O94 0.097 O.096 O.097 O.O92 O.096 O.O99 O.O95 O.095 
Power (D) -2.60 -2.71 -2.59 -3.16 -3.03 -2.91 -2.72 -3.OO ND -3.06 -3.OO -2.46 ND -2.75 
T1/DMA 1.OOO 1249 1.123 1.569 1.425 1.284 1.12O 1410 1.268 1259 1.286 1.OOO 1567 1.255 
T1/FX-13 4.555 4.975 3.187 5.478 3.114 2.357 4.008 4.382 2.718 3.464 2.439 4.6O7 5.587 5.052 
DMA/FX-13 4.556 3.984 2.837 3.493 2186 1836 3.579 3.107 2.143 2.752 1897 4.609 3.566 4.027 
%. Water 41.5 39.5 42.O 36.2 39.0 40.5 42.8 38.8 40.2 40.5 40.5 45.O 36.5 40.6 
Oxygen Dk 63.O ND ND ND ND ND 72.6 ND ND 53.1 ND ND ND ND 

ND = Not determined 
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0174) 

TABLE 4 

Compilation of O. Permeability and Percent 
Water Data for FX-13-Modified Base Lenses 

Example % FX-13 T1/DMA O. Dk %. Water 

Base (O) Zero 1.51 515 2O 
2 3.5 1.42 43.8 - 1.7 39 
1. 7.1 1.32 45.81.8 39 
4 9.4 1.OO 63.0 - 2.0 41.5 
1O 11 1.12 72.6 - 10.5 42.8 
13 13.0 1.26 53.1 - 4.8 40.5 
3 14.2 1.13 50.3 - 1.2 40 

Examples 18-22 

Replacement of Long Chain Polyfluorinated 
Monomer with Various Monomers 

0.175. A study was conducted in which the long chain 
polyfluorinated monomer, FX-13, was replaced on an equal 
weight basis (9.4 weight percent) in a composition of 
Example 4, Table 3 by shorter chain polyfluorinated mono 
mers and other monomers, while maintaining the T1/DMA 
ratio at about 1. The results of this study are shown in Table 
5, below, as to percent water on equilibrium hydration and 
O permeability (Dk) value. 

TABLE 5 

Modified Base Lens Compositions 
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TABLE 6 

Cationic-Monomer Modified Lenses 

Example 23 Example 24 Example 25 
Reagents (Mass gm) (Mass gm) (Mass gm) 

V-64 O.1212 O.1185 O.O989 
EGDMA O.1490 O.1475 O-1327 
TMS 0.3776 O.3742 O3204 
MEM O.6037 O.5964 O-46SO 
DMA 45498 4.5592 4.OO78 
T1 6.8981 5.1711 4.O111 
FX-13 O 1.7334 O.9353 

Total Mass 126994 12.7007 9.9712 
(solids) 
% FX-13 ZCO 13.6 9.4 
T1/DMA 1.52 1.13 1.O 
% MEM 4.8 4.7 4.7 
%. Water 39.0 39.0 43.0 
Oxygen Dk 60.6 6.7 47.0 2.1 76.6 3.2 

Examples 26-31 
Effect of T1:DMA Ratio on Base Lens 

Formulations 

0.178 A study was conducted to examine the effect of the 
ratio of T1 monomer to DMA monomer in the absence of a 
polyfluorinated monomer as in the “base' formulation of 
Table 2. The lens formulations are shown in Table 7, below, 
wherein “EX.” means Example. The effects of altering that 
ratio on oxygen permeability and water content are shown in 
Table 8, thereafter. 

TABLE 7 

Comparative Base Lens Formulations Example Water 
Number Monomer Content O. Dk 

4 FX-13 41.5 63.0 - 2.0 
18 TEM 43.2 47.4 6.3 
19 DFHA 41.O 51.3 2.7 
2O MMA 43.5 45.9 + 2.0 
21 TBS 40.O 50.3 - 1.4 
22 PFS 40.O 68.3 2.9 

*TEM = Trifluoroethyl methacrylate, DFHA = Dodecafluoroheptyl acry 
late, MMA = Methyl methacrylate, TBS = t-Butylstyrene, PFS = Pen 
tafluorostyrene. 

0176 AS is seen from the data, use of each of the 
monomers provided Similar water contents. The use of the 
fluorinated monomers, particularly those with 5 to 20 fluo 
rine atoms per monomer molecule, exhibited the highest Dk 
values. 

Examples 23-25 

Addition of Cationic Monomer with Varying 
T1:DMA Ratio and Long Chain Polyfluorinated 

Monomer 

0177. A study was conducted to assess the effect of the 
addition of a cationic monomer into a lens formulation that 
also contained varying amounts of the long chain fluorinated 
monomer, FX-13, while decreasing the relative amount of 
the T1/DMA ratio. The formulations for these compositions 
and their water contents and Opermeabilities are shown in 
Table 6, below. 

Reagent Ex. 26 Ex. 27 Ex. 28 Ex. 29 Ex. 30 Ex. 31 

V-64 O.O987 O.O985 O.10O3 O.O993 O.O995 O.1038 
EGDMA O.1366 0.1361. O.1323 O.1333 O.1350 O.1328 
TMS O.32O2 O.3246 O.3124 O.3162 0.3127 O.3132 
DMA 5.0056 5.2512 5.5O18, 4.O157 4.2523 4.7559 
T1 44994 4.2528 4.OO16 5.5057 5.2516 4.7558 
T1:DMA O.9 O.8 O.7 1.4 1.2 1.O 

0179 
TABLE 8 

Effect of T1:DMA Ratio On 
Modified Base Lens O. Permeability 

And Percent Water Content 

O. Permeability 
T1:DMA (Dk) % HO Content 

1.4 55.9 - 13.4 38 
1.2 52.8 - 4.6 40 
1.O 55.5 10.7 45 
O.9 39.0 2.0 47 
O.8 39.5 3.0 48 
O.7 36.7 - 4.4 51 

0180. The above data indicate that as the T1:DMA ratio 
changes between 1.4 to 1.0, the Dk value stays high and 
relatively constant, whereas that value drops off sharply 
below a T1:DMA ratio of about 1.0. A slowly rising water 
content was observed with a decrease in the T1/DMA ratio 
in the examined range. 
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Examples 32 and 33 

Aromatic Replacement of TMS in the Example 4 
Lens 

0181. A study was conducted in which 2,4,6-trimethyl 
styrene (TMS) of Example 4, Table 3, was replaced on an 
equal weight basis with the hydrophobic aromatic, Styrene 
type monomers 4-t-butylstyrene or Styrene in a lens co 
polymer formulation that contained a T1:DMA weight ratio 
of about 1 and about 9 to about 10 weight percent long chain 
polyfluorinated monomer. The formulations for those lenses 
and their water contents and oxygen permeabilities are 
shown in Table 9, below. As will be seen, each of the lenses 
So prepared exhibited excellent properties. 

TABLE 9 

Aromatic-Modified FX-13 Lenses 

Example 4 Example 32 Example 33 
Reagent (Mass gm) (Mass gm) (Mass gm) 

V-64 O.1008 O.1OO6 O.O981 
EGDMA 0.1272 O.1340 O.1296 
TMS O.3112 
Styrene O.3124 
TES O.3178 
DMA 4.2504 4.24.46 4.2531 
T1 4.2498 4.2416 4.2519 
FX-13 O.933O 0.9525 0.9522 

Total Mass 9.9724. 9.99.11 9.9973 
(solids) 
T1/DMA 1.O 1.O 1.O 
%. Water 41.5 46.0 44.5 
Oxygen Dk 63.0 - 2.0 66.9 4.4 77.0 7.1 

Example 34 

Protein Deposition on Aromatic-modified Lenses 

0182. Additional lenses were prepared using styrene in 
place of trimethylstyrene (TMS) in the formulation of 
Example 4, in which FX-13 was present at about 9.4 percent 
and the T1:DMA ratio was about 1. The formulation used is 
illustrated below in Table 10, and is referred to elsewhere as 
“S-base'. A formulation was also prepared that contained 
about the same amount of Styrene, as well as about 3.6 
weight percent MD9 monomer as a replacement for an equal 
amount of DMA, that is referred to as MD9-S-base. 

TABLE 10 

Weight Percentage 

S-base MD9-S-base 
Monomer Example 34 Example 35 

V-64 1.O O.9 
EGDMA 1.3 1.4 
Styrene 3.1 3.3 
FX-13 9.3 9.4 
DMA 42.7 34.O 
T1 42.6 47.5 
MD9 O.O 3.6 

100% 100% 
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0183 Lenses so prepared and commercially available 
lenses were Soaked in 0.46 g/L lysozyme Solution and 
analyzed using infrared spectroScopy to determine the 
amount of protein adsorbed onto a lens. The amide II bands 
were measured and converted to protein concentration by a 
calibration curve. The assay procedures discussed previ 
ously, and results of these Studies are discussed and shown 
below. 

0.184 The protein concentrations are as follows: 

MD9-S-Base 

S-Base Formulation Formulation lug/cm2 
Aug?.cm2 protein protein 

Day 1 Day 3 Day 7 Day 1 Day 3 Day 7 

Average O.734 O.67O O.400 O.134 0.529 O.292 

Std. Dew. O.974 O.593 O.438 O3OO 0.535 O.289 

0185 

lig/cm2 protein 

Gentle CSIf 
DS2* DS3* Touch Clarity 
Day 1 Day 1 Day 1 Day 1 

Average 0.377 7.813 O.2OO O.372 
Std.Dev. O.756 O.O82 O.1OO 

*N = 3; DS2 = DuraSoft TM 2 commercially available lens; 
DS3 = DuraSoftTM 3 commercially available lens. 

0186 The S-base and MD9-S-base lenses seemed to 
adsorb about as much lysozyme as the CSI/Clarity"M, DS2 
or GentleTouchTM lenses, within the standard deviation of 
the measurement. They adsorbed a significantly less amount 
of protein than DS3 lenses. 

0187. The procedure described before utilizes attenuated 
total reflectance (ATR) and provides an in vitro method for 
estimating the amount of protein deposited onto each contact 
lens. 

Example 35 

Mucin and Lysozyme Deposition Study 

0188 A study was carried out to measure the amount of 
both mucin and lysozyme deposited upon the base lens of 
Example 0, Table 2, the cationic monomer-containing lens 
of Example 25, Table 6, and a commercially available daily 
wear lens (Fresh LookTM lens). The procedures for carrying 
out that Study are the same as those discussed in the previous 
Example, except that mucin (Sigma Chemical Co., St Louis, 
Mo.) is used in place of lysozyme in the appropriate studies. 
The results of that study are shown in Table 11. 
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TABLE 11 

Mucin and Lysozyme Deposition Results for Base, 
Cationic-Modified FX-13 Base and Commercial Lenses 

Mucin 
Lens Type * Lug/cm Lysozyme Lug/cm 

Base Lens O.33 - 0.11 1.49 O.11 
Cationic-Modified 1.73 - 0.54 1.88 - 0.56 
FreshLook TM 1.96 - 0.61 7.81 - 0.08 

* Base lens is that of Table 2, Example 0; Cationic-modified is the lens of 
Example 25, Table 6. 

0189 From these preliminary data it appears that mucin 
binds to the base lens at a very low level (comparable to 
lysozyme binding to a CSI Lens), and that mucin binds 
about 5.3 times more to the cationic modified base lens 
versus the base lens itself. 

0190. Therefore, the cationic-modified base lens does not 
exhibit corneal adhesion by binding the mucin, which makes 
up the base layer of the tear film. This mucin layer can 
improve ocular movement and on eye wettability. 

Example 36 

Co-polymerized Silicone Monomer Incorporation in 
Styrene-containing Lenses 

0191) Several silicone and siloxanyl (siloxy-containing) 
monomers were examined for use in lenses. A chart and 
corresponding Structure for these monomers was shown 
previously. 
0192 Silicone methacrylates were added (1-35 weight 
percent) to the styrene-containing base formulation (shown 
in Table 12, below) and polymerized using Procedure C. 

TABLE 12 

Component Weight % Added 

Styrene 3.18 
FX-13 9.51 
DMA 42.77 
T1 42.78 
EDGMA 1.04 
V-64 0.72 

1OO 

0193 Results: 
0194 A. Silicone Incorporations 
0195 The M2D65 was soluble only to about 1 percent, 
limiting the range for this monomer mixture. The M2K2 and 
M2D2 lenses made clear, albeit non-compliant (i.e. RGP 
like stiffness) lenses, especially at high loading levels. MD9 
exhibited high solubility and made clear lenses, even at 38 
weight percent loading. Typical Silicone monomer contents 
were about 1 to about 6 weight percent. 
0196. The hypothesis here was that incorporating more 
silicone into the lens would increase the Dk. However, the 
results with these M2-type bis(methacrylate) silicone mono 
mers showed the reverse trend. Addition of any bis 
(methacrylate) Silicone monomer to the base formulation 
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showed a decrease in Dk. This unexpected result caused 
additional formulations to be made to determine which 
factor, if any, would increase Dk. 
0197) B: MD9/T1/DMA Formulations 
0198 Initial mixture studies were done by mixing various 
concentrations of MD9, T1, and DMA, but MD9 was found 
to be insoluble at Several concentrations. A phase diagram 
(FIG. 4) was used to ensure Subsequent formulations pro 
Vided clear contact lenses. 

0199 Because MD9, a poly(dimethylsiloxy)silyl meth 
acrylate, did not appear to increase Dk, the phase diagram 
(FIG. 4) was consulted and Subsequent studies were planned 
to adjust the DMA:T1 ratio at a constant level of MD9 
(about 3.5%). Increasing the DMA:T1 ratio in prior formu 
lations showed either an increased Dk, a slight decrease in 
Dk, or no effect in Dk. In this case, addition of the MD9 
showed that Dk could be influenced by adjusting the 
DMA:T1 ratio (see FIG. 2). However, decreasing the 
DMA:Tl ratio reduced the water content of the lenses (see 
FIG. 3). 
0200 Addition of this small amount of MD9 improved 
the Dk of these hydrogels. The maximum Dk observed was 
123 Dk units at a DMA:T1 ratio of 0.33 (or T1:DMA ratio 
of 3). At this level, there was difficulty in removing the 
lenses from the molds because of high adhesion forces. The 
lenses appeared to have Strong cohesion forces, causing 
folded lenses to stick together. The water content of these 
lenses was low (<30 percent), indicating that these lenses 
might have corneal adhesion problems. 
0201 A compromise of high Dk and water content was 
found with a DMA:Tl ratio of 0.72 (or T1:DMA ratio of 
1.39), where an average Dk value of 90 Dk units was 
observed. The water content was found to be about 30 
percent water for this formulation. 
0202) The reason that the MD9 level is able to augment 
the oxygen permeability of these gels is still unknown. 
Possibly, the MD9 could be acting as a coalescing site for the 
T1 monomer without affecting the oxygen transport capa 
bility of the T1 monomer. The MD9 monomer could be 
disrupting the organization of the hydrogel, permitting oxy 
gen to better pass through the amorphous regions. This could 
permit a more continuous Oxygen-transporting phase 
through the gel. 
0203 C: Replacing T1 with Low Molecular Weight 
Methacrylsilicones 

0204 Another series of studies was performed to see if 
methacrylsilicones could be used to replace the T1 mono 
mer. The MD5, MD3, and VD2 were soluble in DMA 
without any change of miscibility seen with MD9 or the 
higher molecular weight methacrylsilicones. All VD2 poly 
mers were opaque, probably because the Vinyl groups are 
less reactive than the methacryl monomers. VD2 can still be 
used as a substitute for T1 if the polymerization were done 
under nitrogen. Replacing the T1 with MD5 and MD3 made 
clear contact lenses; however, the Dk values of these lenses 
were Small. 

0205 The T1 seems more efficient in transporting oxygen 
than the short methacrylsilicone monomers. The tri(silox 
y)silyl group from the T1 monomer has a larger free volume 
and more conformational freedom than the dimethylsiloxy 
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group from the methacrylsilicones. Other monomers can be 
used in place of T1, Such as Vinyl-tris(trimethylsiloxy) 
Silane, vinyl-tris(dimethysiloxy)Silane, allyl tris(trimethylsi 
loxy)Silane, or (3-acryloxypropyl) tris(trimethylsiloxy)Si 
lane. 

Example 37 

Effect of Altered Initiator (V-64) and Cross-linker 
(EGDMA) Concentrations in Styrene-containing 

Lenses 

0206. As a control, the S-base formulation of Table 12 
was Studied with various concentrations of initiator and 

cross-linker. The formulations are given in Table 13, below. 

TABLE 13 

Low Center High 
weight weight weight 

V-64 O.76% 1.01% 1.27% 
EGDMA 1.05% 1.40% 1.75% 

Weight Percent Used: 

Styrene 3.23 
FX-13 9.68 
DMA 43.54 
T1 43.55 

1OO 

0207 Dk=74.71+8.44 Dk 

0208 Diameter=16.27+0.16 mm 

0209 Center thickness=102+3 mm 

0210 Produced lenses were all clear, but some showed 
warpage, Surface defects, and edge defects. Most showed a 
good deal of flash, possibly indicating a better evacuation is 
needed or leSS monomer should be used. Particulate was 
observed, possibly indicating that a clean room environment 
or monomer filtration might be needed for final evaluation. 

0211 Curling seemed to be related to initiator concen 
tration; reduced initiator Seemed to reduce the number of 
curled lenses (p=0.1). Dk, thickness, and diameter might 
possibly have a 2-way interaction between croSS-linker and 
initiator, but this connection could not be proved signifi 
cantly with this small study. However, these data showed 
that the styrene-modified base (S-base) formulation is robust 
and could be trusted as a control to compare Subsequent 
lenses. 

Example 38 

Lens Preparations 

0212 A Series of ophthalmic lenses was prepared using 
production facilities normally utilized in the manufacture of 
other contact lenses. The two formulations utilized in this 
study are shown in Table 14, below, wherein previously used 
abbreviations have the same meanings. 
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TABLE 1.4 

Weight Percent 

MEM-Modified 
S-Modified Base Base 

Component Example 36 Example 37 

V-64 O.9 O.8 
EDMA 1.1 1.1 
Styrene 2.7 Zero 
TMS Zero 2.7 
FX-13 8.O 8.O 
DMA 36.2 34.2 
T1 36.2 34.2 
MEM Zero 4.0 
EtOH 15.O 15.O 
%. Water 45 43 
Oxygen Dk 77 77 

0213. About 50 percent of the S-base lenses inspected 
were acceptable. Most of the defects were flash or edge 
defects. The lenses made using Specially designed casting 
cups were within tolerance, except for a slightly flat base 
curve. On the other hand, only about 7 percent of the 
MEM-base lenses inspected were acceptable. This probably 
indicates that the corona level was too high, causing the 
lenses to adhere Strongly to the base curve of the casting 
cups and tear during mold opening or delensing. Both types 
of lens were cured under nitrogen for about three hours at 
around 90° C. in an oven, and then inspected. 

Example 39 
Lens Preparation Using Aliphatic Hydrophobic 
Monomers in Place of Aromatic Hydrophobic 

Monomers 

0214) Another series of ophthalmic lenses was prepared 
using Procedure C in which the usually present hydrophobic 
aromatic monomer was replaced on an equal weight basis by 
an aliphatic hydrophobic monomer. The two formulations 
utilized in this study are shown in Table 15, below, wherein 
previously used abbreviations have the same meanings. 

TABLE 1.5 

Weight Added 

MMA-Modified OMA-Modified 
Base Base 

Component Example 38 Example 39 

V-64 O.1013 O.O925 
EDMA O.1345 O.1371 
MMA* O.3095 Zero 
OMA* Zero O.3103 
FX-13 O.931.8 0.95.57 
DMA 4.2482 4.2484 
T1 4.2498 4.2522 
%. Water 46.0 44.0 
Oxygen Dk 88.2 - 14.3 809 - 18.6 

*MMA = methyl methacrylate and OMA = octyl methacrylate. 

0215 AS can be seen from the data above, the replace 
ment of the aromatic hydrophobic monomer by an aliphatic 
hydrophobic monomer in the reaction mixture provided 
lenses that exhibited both enhanced water contents and 
enhanced oxygen Dk values. Indeed, Dk values for Several 
samples were well into the 90's as is evidenced by the 
Standard deviations. 
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Example 40 

Lens Preparation Using Monohydric Alcohol 
Solvents 

0216 A series of lenses was prepared from similar com 
positions that contained a monohydric alcohol as Solvent. 
All of the lenses contained MD9 at about 1 percent of the 
polymerizable monomers. One pair differed only in contain 
ing about 15 weight percent ethanol versus no Solvent, 
whereas the third group of lenses additionally contained the 
cationic monomer, MEM. The lenses were polymerized as 
before, and were cured in an oven at about 90° C. under 
nitrogen gas for about 3 hours after polymerization to 
remove the Solvent. The compositions of those lenses are 
shown below in Table 16. 

TABLE 16 

Weight Added 

MD9- MEM/MD9 
MD9- Modified Modified 

Modified S-Base + S-Base + 
Component S-Base Alcohol Alcohol 

V-64 O.OO85 O.OO72 O.OO78 
EDMA O.O138 O.O117 O.O115 
MEM Zero Zero O.O396 
MD9 O.O356 O.O303 O.O303 
FX-13 O.O939 O.O798 O.O798 
DMA O.3399 O.2889 O.2723 
T1 O.4748 O.4036 O.3803 
Styrene O.O334 O.O284 O.O284 
Ethanol Zero O.15OO O.15OO 
T1/DMA 1.4 1.4 1.4 
%. Water 43 41 41 
Oxygen Dk 111 + 7.5 131 7.2 79.45.4 

0217. Two further sets of lenses were prepared using 
iso-propanol as Solvent. These lenses were variants of the 
lenses of formula Example 4 (EX. 4). Lens preparation was 
as above. The compositions of these lenses are shown in 
Table 17, below. 

TABLE 1.7 

Modified Ex. 4 + Modified Ex. 4 + 
Component Alcohol Alcohol 

V-64 O.OO86 O.OO86 
EDMA O.O108 O.O108 
FX-13 O.O795 O.O795 
DMA O.3689 O.3722 
T1 O.3689 O.3722 
TMS O.O133 O.OO66 
Isopropanol O.15OO O.15OO 
%. Water 52 53 

0218. Each of the patents and articles cited herein is 
incorporated by reference. The use of the article “a” or “an” 
is intended to include one or more. 

Example 41 

Cationic Monomer-containing Lenses 

0219 Lenses were prepared to contain about 21 or about 
42 weight percent DMAEM. The lenses were prepared using 
the formulations shown in Table 18. Usual curing at 120° C. 
for ten minutes was inadequate to obtain a full cure, 
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although a cure time of fifteen minutes provided a good cure 
for the 21 percent DMAEM lenses. Even forty minutes of 
cure time did not work for the 42 percent DMAEM lenses, 
and no more was done with those lenses. The lenses con 
taining about 21 percent DMAEM (Example 40) were found 
to contain 48.0% water after hydration and exhibited oxygen 
permeability values of 61.0+1.2 Dk units. 

TABLE 1.8 

Weight Percentage 

21 Percent 42 Percent 
Monomer Example 40 Example 41 

V-64 1.O 1.O 
EGDMA 1.4 1.4 
iso-propyl 3.2 3.2 
MA 
FX-13 9.4 9.4 
DMA 21.3 Zero 
T1 42.5 42.5 
DMAEM 21.3 42.5 

0220 Lysozyme and mucin binding studies were carried 
out as discussed previously. Results of those Studies indi 
cated that the Example 40 lenses exhibited low lysozyme 
binding (2.5+1.2 tug/cm) and low mucin binding (1.4+0.7 
Aug/cm). The mucin binding results were particularly Sur 
prising because the 5 percent MEM lenses of Example 25 
(Table 11) were found to bind about 1.73+0.54 ug/cm. If 
electroStatic attraction were linear, one would predict about 
7.8 ug/cm would bind to the Example 40 lenses. 
0221 Measurement of Static, advancing contact angles 
by Wetting the lens Surface with a drop of water, removing 
the water and placing a Smaller drop on the pre-wetted area 
and the measuring the contact angle of the last-added drop 
(1 uD)was also carried out on the lenses of Examples 25 and 
40. The results indicated a Statistically significant improve 
ment in wettability (96.5 vs. 84.5, respectively). The 
Surface of the Example 40 lens also appeared to become 
more wettable each time water was placed on its Surface and 
then removed, with the contact angle changing from about 
89 to about 82. 

0222 Studies were also carried out using about 15 to 
about 20 weight percent DMAEM and changing the ratio of 
monomers T1 and DMA. A formulation for Some of those 
lenses are shown as Example 42 in Table 19, below, along 
with the observed water percentage and oxygen permeability 
values of the produced lenses. 

TABLE 1.9 

Example 42 

T1:DMA = 2.8 
Monomer Weight Percent 

V-64 1.O 
EGDMA 1.3 
isopropyl MA 3.2 
PFS 9.3 
FX-13 
DMA 17.7 
T1 49.6 
DMAEM 17.8 
%. Water &32 
Oxygen Dk 117.3 - 12.2 
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Example 42 

Lenses With Alternative Fluorine-containing 
Monomers 

0223) A Series of lenses was prepared containing fluo 
rine-containing monomers other than the preferred FX-13. 
Compositions and properties of Some of those lenses are 
shown below in Table 20. 

TABLE 2.0 

Weight Percentage 

Monomer Example 43 Example 44 

V-64 O.8 O.8 
EGDMA 1.4 1.4 
Styrene 3.3 3.3 
PFS 9.4 
HFIPMA 9.4 
DMA 34.O 34.O 
T1 47.5 47.5 
MD9 3.6 3.6 
%. Water 45.O 35 
Oxygen Dk 100.3 6.8 87.75.3 

0224. Each of the patents and articles cited herein is 
incorporated by reference. The use of the article “a” or “an” 
is intended to include one or more. 

0225. From the foregoing, it will be observed that numer 
ous modifications and variations can be effectuated without 
departing from the true spirit and scope of the novel con 
cepts of the present invention. It is to be understood that no 
limitation with respect to the Specific examples presented is 
intended or should be inferred. The disclosure is intended to 
cover by the appended claims all Such modifications as fall 
within the Scope of the claims. 

What is claimed is: 
1. An ophthalmic lens comprising a polymeric material 

that has an oxygen permeability of about 45 to about 150 Dk 
units and a hydrated water content of about 20 to about 55 
weight percent, the polymeric material being comprised of 
a co-polymer of (a) a hydrophilic monomer, (b) a hydro 
phobic aromatic or aliphatic monomer or a mixture thereof, 
(c) a tris(siloxy)silyl group-containing monomer, (d) a flu 
orinated monomer containing about 3 to about 20 fluorine 
atoms and 4 to about 20 carbon atoms per monomer mol 
ecule and (e) an amount of cross-linker Sufficient to provide 
a stress at break value of about 0.003 to about 30 N/mm. 
elongation at break of about 25 to about 3000 percent and a 
modulus value of about 0.001 to about 10 N/mm. 

2. The ophthalmic lens according to claim 1 wherein Said 
hydrophilic monomer is a non-ionic hydrophilic monomer 
containing a methacrylamide, an acrylamide, a methacrylate 
ester or an acrylate ester group. 

3. The ophthalmic lens according to claim 1 wherein Said 
hydrophobic aromatic monomer is a styrene-containing 
OOC. 

4. The ophthalmic lens according to claim 1 wherein Said 
hydrophobic aliphatic monomer is a C-C aliphatic ester of 
acrylic acid or methacrylic acid. 

5. The ophthalmic lens according to claim 1 wherein Said 
tris(trimethylsiloxy)silyl group-containing monomer is an 
amide or ester of acrylic acid or methacrylic acid. 
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6. The ophthalmic lens according to claim 1 wherein Said 
fluorinated monomer containing about 3 to about 20 fluorine 
atoms per monomer molecule is an amide or ester of acrylic 
acid or methacrylic acid. 

7. The ophthalmic lens according to claim 6 wherein said 
fluorinated monomer containing about 3 to about 20 fluorine 
atoms and 4 to about 20 carbon atomsper monomer mol 
ecule is a Sulfonamido ethyl ester of acrylic acid or meth 
acrylic acid. 

8. An ophthalmic lens comprising a polymeric material 
that has an oxygen permeability of about 45 to about 150 Dk 
units and a hydrated water content of about 35 to about 55 
weight percent, the polymeric material being comprised of 
a co-polymer of (a) a non-ionic hydrophilic monomer con 
taining a methacrylamide, an acrylamide, a methacrylate 
ester or an acrylate ester group, (b) a hydrophobic styrene 
containing monomer or a C-Co aliphatic ester of acrylic 
acid or methacrylic acid or a mixture thereof, (c) a tris(si 
loxy)silyl group-containing monomer that is an amide or 
ester of acrylic acid or methacrylic acid, (d) a fluorinated 
monomer containing about 3 to about 20 fluorine atoms and 
4 to about 20 carbon atoms per monomer molecule that is an 
amide or ester of acrylic acid or methacrylic acid and (e) an 
amount of croSS-linker Sufficient to provide a StreSS at break 
value of about 0.003 to about 30 N/mm, elongation at break 
of about 25 to about 3000 percent and a modulus value of 
about 0.001 to about 10 N/mm’. 

9. The ophthalmic lens according to claim 8 wherein said 
fluorinated monomer containing about 3 to about 20 fluorine 
atoms and 4 to about 20 carbon atomsper monomer mol 
ecule is a Sulfonamido ethyl ester of acrylic acid or meth 
acrylic acid. 

10. The ophthalmic lens according to claim 8 wherein said 
(a) said non-ionic hydrophilic monomer is present at about 
30 to about 60 weight percent, (b) said hydrophobic mono 
mer is present at about 2.5 to about 4.5 weight percent, (c) 
said tris(siloxy)silyl group-containing monomer is present at 
about 30 to about 65 weight percent, and (d) said fluorinated 
monomer is present up to about 20 weight percent. 

11. The ophthalmic lens according to claim 8 wherein the 
weight ratio of the tris(siloxy)silyl group-containing mono 
mer to the non-ionic hydrophilic monomer is about 0.3:1 to 
about 2:1. 

12. A polymeric contact lens comprising a co-polymer of 
polymerized (a) a non-ionic hydrophilic monomer, (b) a 
hydrophobic aromatic monomer, (c) a tris(siloxy)silyl 
group-containing monomer, (d) a fluorinated monomer con 
taining about 3 to about 20 fluorine atoms and 4 to about 20 
carbon atoms per monomer molecule and (e) a cross-linking 
agent, wherein the weight ratio of the tris(siloxy)silyl group 
containing monomer to the non-ionic hydrophilic monomer 
is about 0.3:1 to about 2:1, said lens having an oxygen 
permeability of greater than about 60 Dk units and a water 
content at equilibrium hydration of about 35 to about 55 
weight percent. 

13. The contact lens according to claim 12 wherein Said 
hydrophilic monomer is a non-ionic hydrophilic monomer 
containing a methacrylamide, an acrylamide, a methacrylate 
ester or an acrylate ester group. 

14. The contact lens according to claim 12 wherein Said 
hydrophobic aromatic monomer is a styrene-containing 
OOC. 
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15. The contact lens according to claim 12 wherein Said 
tris(trimethylsiloxy)silyl group-containing monomer is an 
amide or ester of acrylic acid or methacrylic acid. 

16. The contact lens according to claim 12 wherein Said 
fluorinated monomer containing about 3 to about 20 fluorine 
atoms per monomer molecule is an amide or ester of acrylic 
acid or methacrylic acid. 

17. The contact lens according to claim 16 wherein said 
fluorinated monomer containing about 3 to about 20 fluorine 
atoms and 4 to about 20 carbon atoms per monomer mol 
ecule is a Sulfonamido ethyl ester of acrylic acid or meth 
acrylic acid. 

18. The contact lens according to claim 12 wherein the 
weight ratio of the tris(siloxy)silyl group-containing mono 
mer to the non-ionic hydrophilic monomer is about 0.6:1 to 
about 2:1. 

19. A polymeric contact lens comprising a co-polymer of 
polymerized (a) a non-ionic hydrophilic monomer contain 
ing a methacrylamide, an acrylamide, a methacrylate ester or 
an acrylate ester group, (b) a hydrophobic styrene-contain 
ing monomer, (c) a tris(siloxy)silyl group-containing mono 
mer that is an amide or ester of acrylic acid or methacrylic 
acid, (d) a fluorinated monomer containing about 3 to about 
20 fluorine atoms and 4 to about 20 carbon atomsper 
monomer molecule that is an amide or ester of acrylic acid 
or methacrylic acid and (e) a cross-linking agent, wherein 
the weight ratio of the tris(siloxy)silyl group-containing 
monomer to the non-ionic hydrophilic monomer is about 
0.6:1 to about 2:1, said lens having an oxygen permeability 
of greater than about 60 Dk units and a water content at 
equilibrium hydration of about 35 to about 55 weight 
percent. 

20. The contact lens according to claim 19 wherein said 
fluorinated monomer containing about 3 to about 20 fluorine 
atoms per monomer molecule is a Sulfonamido ethyl ester of 
acrylic acid or methacrylic acid. 

21. The contact lens according to claim 19 wherein Said 
(a) said non-ionic hydrophilic monomer is present at about 
30 to about 60 weight percent, (b) said hydrophobic mono 
mer is present at about 2.5 to about 4.5 weight percent, (c) 
said tris(siloxy)silyl group-containing monomer is present at 
about 30 to about 65 weight percent, and (d) said fluorinated 
monomer is present up to about 20 weight percent. 

22. A polymeric contact lens comprising a co-polymer 
ized (a) non-ionic hydrophilic monomer containing a meth 
acrylamide, an acrylamide, a methacrylate ester or an acry 
late ester group, (b) a hydrophobic aromatic monomer, (c) a 
tris(siloxy)silyl group-containing monomer, (d) a fluorinated 
monomer containing about 3 to about 20 fluorine atoms and 
4 to about 20 carbon atomsper monomer molecule and (e) 
cross-linking agent, wherein the weight ratio of the tris(Si 
loxy)silyl group-containing monomer to the non-ionic 
hydrophilic monomer is about 0.3:1 to about 2:1, said lens 
exhibiting an oxygen transmissibility of greater than 60 Dk 
units and a water content at equilibrium hydration of about 
35 to about 55 weight percent. 

23. The contact lens according to claim 22 wherein Said 
hydrophobic aromatic monomer is a styrene-containing 
OOC. 

24. The contact lens according to claim 22 wherein Said 
tris(trimethylsiloxy)silyl group-containing monomer is an 
amide or ester of acrylic acid or methacrylic acid. 
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25. The contact lens according to claim 22 wherein Said 
fluorinated monomer containing about 3 to about 20 fluorine 
atoms per monomer molecule is an amide or ester of acrylic 
acid or methacrylic acid. 

26. The contact lens according to claim 25 wherein Said 
fluorinated monomer containing about 3 to about 20 fluorine 
atoms per monomer molecule is a Sulfonamido ethyl ester of 
acrylic acid or methacrylic acid. 

27. The contact lens according to claim 22 wherein the 
weight ratio of the tris(siloxy)silyl group-containing mono 
mer to the non-ionic hydrophilic monomer is about 0.7:1 to 
about 1.4:1. 

28. A polymeric contact lens comprising a co-polymer of 
polymerized (a) a non-ionic hydrophilic monomer contain 
ing a methacrylamide, an acrylamide, a methacrylate ester or 
an acrylate ester group, (b) a hydrophobic styrene-contain 
ing monomer, (c) a tris(siloxy)silyl group-containing mono 
mer that is an amide or ester of acrylic acid or methacrylic 
acid, (d) a fluorinated monomer containing about 3 to about 
20 fluorine atoms and 4 to about 20 carbon atomsper 
monomer molecule that is a Sulfonamido ethyl ester of 
acrylic acid or methacrylic acid and (e) a cross-linking 
agent, wherein the weight ratio of the tris(siloxy)silyl group 
containing monomer to the non-ionic hydrophilic monomer 
is about 0.7:1 to about 1.4:1, Said lens having an oxygen 
permeability of greater than about 50 Dk units and a water 
content at equilibrium hydration of about 35 to about 55 
weight percent. 

29. The contact lens according to claim 28 wherein said 
(a) said non-ionic hydrophilic monomer is present at about 
30 to about 60 weight percent, (b) said hydrophobic mono 
mer is present at about 2.5 to about 4.5 weight percent, (c) 
said tris(siloxy)silyl group-containing monomer is present at 
about 30 to about 65 weight percent, and (d) said fluorinated 
monomer is present up to about 20 weight percent. 

30. The contact lens according to claim 28 wherein said 
lens exhibits an oxygen transmissibility of greater than 60 
Dk units and a water content at equilibrium hydration of 
about 40 to about 55 weight percent. 

31. A contact lens that is the co-polymerization product of 
a monomer mixture comprising (a) a non-ionic hydrophilic 
monomer, (b) a (b) a tris(siloxy)silyl group-containing 
monomer, (c) a hydrophobic aromatic monomer, (d) a poly 
fluorinated monomer, a cationic monomer, a hydrophobic 
non-aromatic monomer or a mixture of two or three of those 
monomer types and (e) a cross-linking agent, the monomer 
mixture including a weight ratio of tris(siloxy)silyl group 
containing monomer to hydrophilic monomer of about 0.3:1 
to about 2:1, and a weight ratio of tris(siloxy)silyl group 
containing monomer to a single monomer or monomer 
mixture of (d) of about 1.5:1 to about 20:1, said lens 
exhibiting an oxygen transmissibility of about 45 to about 
150 Dk units and a water content at equilibrium hydration of 
about 35 to about 55 weight percent. 

32. The contact lens according to claim 31 wherein Said 
non-ionic hydrophilic monomer contains a methacrylamide, 
an acrylamide, a methacrylate ester or an acrylate ester 
grOup. 

33. The contact lens according to claim 31 wherein said 
hydrophobic aromatic monomer is a styrene-containing 
OOC. 

34. The contact lens according to claim 31 wherein said 
hydrophobic aliphatic monomer is a C-Coaliphatic ester of 
acrylic acid or methacrylic acid. 
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35. The contact lens according to claim 31 wherein said 
tris(trimethylsiloxy)silyl group-containing monomer is an 
amide or ester of acrylic acid or methacrylic acid. 

36. The contact lens according to claim 31 wherein said 
polyfluorinated monomer contains about 3 to about 20 
fluorine atoms and 4 to about 20 carbon atoms per monomer 
molecule and is an amide or ester of acrylic acid or meth 
acrylic acid. 

37. The contact lens according to claim 31 wherein said 
cationic monomer is an ester of acrylic or methacrylic acid. 

38. A contact lens that is the co-polymerization product of 
a monomer mixture comprising (a) a non-ionic hydrophilic 
monomer that contains a methacrylamide, an acrylamide, a 
methacrylate ester or an acrylate ester group, (b) a tris(Si 
loxy)silyl group-containing monomer that is an amide or 
ester of acrylic acid or methacrylic acid, (c) a hydrophobic 
styrene-containing monomer, (d) a polyfluorinated mono 
mer that contains about 3 to about 20 fluorine atoms and 4 
to about 20 carbon atomsper monomer molecule and is an 
amide or ester of acrylic acid or methacrylic acid, a cationic 
monomer that is an ester of acrylic acid or methacrylic acid, 
a hydrophobic non-aromatic monomer that is a C-Co 
aliphatic ester of acrylic acid or methacrylic acid or a 
mixture of two or three of those monomer types and (e) a 
croSS-linking agent, the monomer mixture including a 
weight ratio of tris(siloxy)silyl group-containing monomer 
to hydrophilic monomer of about 0.6:1 to about 2:1, and a 
weight ratio of tris(siloxy)silyl group-containing monomer 
to a single monomer or monomer mixture of (d) of about 
1.5:1 to about 20:1, said lens exhibiting an oxygen trans 
missibility of about 45 to about 150 Dk units and a water 
content at equilibrium hydration of about 35 to about 55 
weight percent. 

39. The contact lens according to claim 38 wherein said 
fluorinated monomer containing about 3 to about 20 fluorine 
atoms per monomer molecule is a Sulfonamido ethyl ester of 
acrylic acid or methacrylic acid. 

40. The contact lens according to claim 38 wherein the 
weight ratio of the tris(siloxy)silyl group-containing mono 
mer to the non-ionic hydrophilic monomer is about 0.7:1 to 
about 1.4:1. 

41. The contact lens according to claim 38 wherein said 
lens has an oxygen permeability of greater than about 60 Dk 
units. 

42. The contact lens according to claim 38 wherein Said 
(a) said non-ionic hydrophilic monomer is present at about 
30 to about 60 weight percent, (b) said hydrophobic mono 
mer is present at about 2.5 to about 4.5 weight percent, (c) 
said tris(siloxy)silyl group-containing monomer is present at 
about 30 to about 65 weight percent, and (d) said polyflu 
orinated monomer, cationic monomer, hydrophobic non 
aromatic monomer or mixture of two or three of those 
monomer types is present up to about 35 weight percent. 

43. A contact lens that is the co-polymerization product of 
a monomer mixture comprising (a) a non-ionic hydrophilic 
monomer, (b) a cationic monomer, (c) a tris(siloxy)silyl 
group-containing monomer, (d) a hydrophobic aromatic 
monomer and (e) a cross-linking agent, the monomer mix 
ture including a weight ratio of tris(siloxy)silyl group 
containing monomer to hydrophilic monomer of about 0.3:1 
to about 2:1, Said lens exhibiting an oxygen transmissibility 
of greater than 45 Dk units and a water content at equilib 
rium hydration of about 35 to about 55 weight percent. 
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44. The contact lens according to claim 43 wherein Said 
non-ionic hydrophilic monomer contains a methacrylamide, 
an acrylamide, a methacrylate ester or an acrylate ester 
grOup. 

45. The contact lens according to claim 43 wherein said 
hydrophobic aromatic monomer is a styrene-containing 
OOC. 

46. The contact lens according to claim 43 wherein Said 
tris(trimethylsiloxy)silyl group-containing monomer is an 
amide or ester of acrylic acid or methacrylic acid. 

47. The contact lens according to claim 43 wherein said 
cationic monomer is an ester of acrylic or methacrylic acid. 

48. A contact lens that is the co-polymerization product of 
a monomer mixture comprising (a) a non-ionic hydrophilic 
monomer, (b) a cationic monomer that is an ester of acrylic 
or methacrylic acid, (c) a tris(siloxy)silyl group-containing 
monomer that is an amide or ester of acrylic acid or 
methacrylic acid, (d) a hydrophobic styrene-containing 
monomer and (e) a cross-linking agent, the monomer mix 
ture including a weight ratio of tris(siloxy)silyl group 
containing monomer to hydrophilic monomer of about 0.3:1 
to about 2:1, Said lens exhibiting an oxygen transmissibility 
of greater than 45 Dk units and a water content at equilib 
rium hydration of about 35 to about 55 weight percent. 

49. The contact lens according to claim 48 wherein said 
fluorinated monomer containing about 3 to about 20 fluorine 
atoms per monomer molecule is a Sulfonamido ethyl ester of 
acrylic acid or methacrylic acid. 

50. The contact lens according to claim 48 wherein the 
weight ratio of the tris(siloxy)silyl group-containing mono 
mer to the non-ionic hydrophilic monomer is about 0.7:1 to 
about 1.4:1. 

51. The contact lens according to claim 48 wherein said 
(a) said non-ionic hydrophilic monomer is present at about 
30 to about 60 weight percent, (b) said hydrophobic styrene 
containing monomer is present at about 2.5 to about 4.5 
weight percent, (c) said tris(siloxy)silyl group-containing 
monomer is present at about 30 to about 65 weight percent, 
and (d) said cationic monomer is present at about 20 to about 
25 weight percent. 

52. The contact lens according to claim 48 wherein said 
cationic monomer is 2-N-morpholinoethyl methacrylate. 

53. A contact lens that is the co-polymerization product of 
a monomer mixture comprising (a) a non-ionic hydrophilic 
monomer, (b) a poly(dimethylsiloxy)silyl group-containing 
monomer, (c) a tris(siloxy)silyl group-containing monomer, 
(d) a styrene-containing monomer, and (e) a cross-linking 
agent, Said monomer mixture including a weight ratio of 
tris(siloxy)silyl group-containing monomer to hydrophilic 
monomer of about 0.3:1 to about 2:1, and exhibiting a water 
content on equilibrium hydration of at least 20 weight 
percent and an oxygen permeation value of about 55 to about 
150 Dk units. 

54. The contact lens according to claim 53 wherein said 
non-ionic hydrophilic monomer contains a methacrylamide, 
an acrylamide, a methacrylate ester or an acrylate ester 
grOup. 

55. The contact lens according to claim 53 wherein said 
poly(dimethylsiloxy)silyl group-containing monomer is an 
ester or amide of acrylic acid or methacrylic acid. 

56. The contact lens according to claim 53 wherein said 
tris(trimethylsiloxy)silyl group-containing monomer is an 
amide or ester of acrylic acid or methacrylic acid. 



US 2002/0107337 A1 

57. A contact lens that is the co-polymerization product of 
a monomer mixture comprising (a) a non-ionic hydrophilic 
monomer that contains a methacrylamide, an acrylamide, a 
methacrylate ester or an acrylate ester group, (b) a poly 
(dimethylsiloxy)silyl group-containing monomer that is an 
ester or amide of acrylic acid or methacrylic acid, (c) a 
tris(siloxy)silyl group-containing monomer that is an amide 
or ester of acrylic acid or methacrylic acid, (d) a styrene 
containing monomer, and (e) a cross-linking agent, said 
monomer mixture including a weight ratio of tris(siloxy)Si 
lyl group-containing monomer to hydrophilic monomer of 
about 0.6:1 to about 2:1, and exhibiting a water content on 
equilibrium hydration of at least 20 weight percent and an 
oxygen permeation value of about 55 to about 120 Dk units. 

58. The contact lens according to claim 57 wherein said 
poly(dimethylsiloxy)silyl group-containing monomer is an 
ester or amide of acrylic acid or methacrylic acid includes a 
poly(dimethylsiloxy) portion and has a molecular weight of 
about 1000 to about 5000. 

59. The contact lens according to claim 57 wherein the 
weight ratio of the tris(siloxy)silyl group-containing mono 
mer to the non-ionic hydrophilic monomer is about 0.7:1 to 
about 1.4:1. 

60. The contact lens according to claim 57 wherein said 
(a) said non-ionic hydrophilic monomer is present at about 
30 to about 60 weight percent, (b) said hydrophobic styrene 
containing monomer is present at about 2.5 to about 4.5 
weight percent, (c) said tris(siloxy)silyl group-containing 
monomer is present at about 30 to about 65 weight percent, 
and (d) said poly(dimethylsiloxy)silyl group-containing 
monomer is present at about 1 to about 6 weight percent. 

61. A contact lens that is the co-polymerization product of 
a monomer mixture comprising (a) a non-ionic hydrophilic 
monomer, (b) a poly(dimethylsiloxy)silyl group-containing 
monomer, (c) a tris(siloxy)silyl group-containing monomer, 
(d) a cationic monomer, a hydrophobic aromatic monomer, 
a hydrophobic aliphatic monomer, or a polyfluorinated 
monomer or a mixture of two, three or four of those 
monomer types, and (e) a cross-linking agent, said monomer 
mixture including a weight ratio of tris(siloxy)silyl group 
containing monomer to hydrophilic monomer of about 0.3:1 
to about 2:1, and exhibiting a water content on equilibrium 
hydration of at least 20 weight percent and an oxygen 
permeation value of about 55 to about 150 Dk units. 

62. The contact lens according to claim 61 wherein Said 
non-ionic hydrophilic monomer contains a methacrylamide, 
an acrylamide, a methacrylate ester or an acrylate ester 
grOup. 

63. The contact lens according to claim 61 wherein Said 
poly(dimethylsiloxy)silyl group-containing monomer is an 
ester or amide of acrylic acid or methacrylic acid. 

64. The contact lens according to claim 61 wherein Said 
tris(trimethylsiloxy)silyl group-containing monomer is an 
amide or ester of acrylic acid or methacrylic acid. 

65. The contact lens according to claim 61 wherein said 
hydrophobic aromatic monomer is a styrene-containing 
OOC. 

66. The contact lens according to claim 61 wherein Said 
cationic monomer is an ester of acrylic or methacrylic acid. 

67. The contact lens according to claim 61 wherein said 
hydrophobic aliphatic monomer is a C-Clo aliphatic ester 
of acrylic acid or methacrylic acid. 

68. The contact lens according to claim 61 wherein said 
polyfluorinated monomer contains about 3 to about 20 
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fluorine atoms per monomer molecule and is an amide or 
ester of acrylic acid or methacrylic acid. 

69. A contact lens that is the co-polymerization product of 
a monomer mixture comprising (a) a non-ionic hydrophilic 
monomer that contains a methacrylamide, an acrylamide, a 
methacrylate ester or an acrylate ester group, (b) a poly 
(dimethylsiloxy)silyl group-containing monomer that is an 
ester or amide of acrylic acid or methacrylic acid, (c) a 
tris(siloxy)silyl group-containing monomer that is an ester 
or amide of acrylic acid or methacrylic acid, (d) a cationic 
monomer that is an ester of acrylic or methacrylic acid, a 
hydrophobic aromatic monomer that is a styrene-containing 
monomer, a hydrophobic aliphatic monomer that is a C-Co 
aliphatic ester of acrylic acid or methacrylic acid, or a 
polyfluorinated monomer that contains about 3 to about 20 
fluorine atoms and 4 to about 20 carbon atomsper monomer 
molecule and is an amide or ester of acrylic acid or meth 
acrylic acid or a mixture of two, three or four of those 
monomer types, and (e) a cross-linking agent, said monomer 
mixture including a weight ratio of tris(siloxy)silyl group 
containing monomer to hydrophilic monomer of about 0.6:1 
to about 2:1, and exhibiting a water content on equilibrium 
hydration of at least 20 weight percent and an oxygen 
permeation value of about 55 to about 150 Dk units. 

70. The contact lens according to claim 69 wherein said 
poly(dimethylsiloxy)silyl group-containing monomer is an 
ester or amide of acrylic acid or methacrylic acid that 
includes a poly(dimethylsiloxy) portion and has a molecular 
weight of about 1000 to about 5000. 

71. The contact lens according to claim 69 wherein the 
weight ratio of the tris(siloxy)silyl group-containing mono 
mer to the non-ionic hydrophilic monomer is about 0.7:1 to 
about 1.4:1. 

72. The contact lens according to claim 69 wherein said 
(a) said non-ionic hydrophilic monomer is present at about 
30 to about 60 weight percent, (b) said poly(dimethylsilox 
y)silyl group-containing monomer is present at about 1 to 
about 6 weight percent, (c) said tris(siloxy)silyl group 
containing monomer is present at about 30 to about 65 
weight percent, and (d) said cationic monomer, hydrophobic 
aromatic monomer, hydrophobic aliphatic monomer, or 
polyfluorinated monomer or a mixture of two, three or four 
of those monomer types is present at up to about 35 weight 
percent. 

73. A contact lens that is the co-polymerization product of 
a monomer mixture comprising (a) a non-ionic hydrophilic 
monomer, (b) a tris(siloxy)silyl group-containing monomer, 
(c) a polyfluorinated monomer, a cationic monomer, or a 
hydrophobic non-aromatic monomer or a mixture of two or 
three of those monomer types and (d) a cross-linking agent, 
the monomer mixture including a weight ratio of tris(silox 
y)silyl group-containing monomer to hydrophilic monomer 
of about 0.3:1 to about 2:1, and a weight ratio of tris(silox 
y)silyl group-containing monomer to a single monomer or 
monomer mixture of (c) of about 1.5:1 to about 20:1, said 
lens exhibiting an oxygen transmissibility of about 45 to 
about 150 Dk units and a water content at equilibrium 
hydration of about 35 to about 55 weight percent. 

74. The contact lens according to claim 73 wherein said 
non-ionic hydrophilic monomer contains a methacrylamide, 
an acrylamide, a methacrylate ester or an acrylate ester 
grOup. 
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75. The contact lens according to claim 73 wherein said 
tris(trimethylsiloxy)silyl group-containing monomer is an 
amide or ester of acrylic acid or methacrylic acid. 

76. The contact lens according to claim 73 wherein said 
polyfluorinated monomer contains about 3 to about 20 
fluorine atoms per monomer molecule and is an amide or 
ester of acrylic acid or methacrylic acid. 

77. The contact lens according to claim 73 wherein said 
cationic monomer is an ester of acrylic or methacrylic acid. 

78. The contact lens according to claim 73 wherein said 
hydrophobic non-aromatic monomer is a C-Co aliphatic 
ester of acrylic acid or methacrylic acid. 

79. A contact lens that is the co-polymerization product of 
a monomer mixture comprising (a) a non-ionic hydrophilic 
monomer that contains a methacrylamide, an acrylamide, a 
methacrylate ester or an acrylate ester group, (b) a tris(Si 
loxy)silyl group-containing monomer that is an amide or 
ester of acrylic acid or methacrylic acid, (c) a polyfluori 
nated monomer that contains about 3 to about 20 fluorine 
atoms and 4 to about 20 carbon atomsper monomer mol 
ecule and is an amide or ester of acrylic acid or methacrylic 
acid, a cationic monomer that is an ester of acrylic or 
methacrylic acid, or a hydrophobic non-aromatic monomer 
that is a C-Coaliphatic ester of acrylic acid or methacrylic 
acid or a mixture of two or three of those monomer types and 
(d) a cross-linking agent, the monomer mixture including a 
weight ratio of tris(siloxy)silyl group-containing monomer 
to hydrophilic monomer of about 0.6:1 to about 2:1, and a 
weight ratio of tris(siloxy)silyl group-containing monomer 
to a single monomer or monomer mixture of (c) of about 
1.5:1 to about 20:1, Said lens exhibiting an oxygen trans 
missibility of about 45 to about 150 Dk units and a water 
content at equilibrium hydration of about 35 to about 55 
weight percent. 

80. The contact lens according to claim 79 wherein said 
polyfluorinated monomer containing about 3 to about 20 
fluorine atoms per monomer molecule is a Sulfonamido ethyl 
ester of acrylic acid or methacrylic acid. 

81. The contact lens according to claim 79 wherein said 
(a) said non-ionic hydrophilic monomer is present at about 
30 to about 60 weight percent, (b) said tris(siloxy)silyl 
group-containing monomer is present at about 30 to about 
65 weight percent, (c) said polyfluorinated monomer, cat 
ionic monomer or hydrophobic non-aromatic monomer or a 
mixture of two or three of those monomer types is present 
at up to about 35 weight percent. 

82. A prolonged wear contact lens that comprises a 
co-polymer of (a) a non-ionic hydrophilic monomer, (b) a 
tris(siloxy)silyl group-containing monomer, (c) a cationic 
monomer, (d) a polyfluorinated monomer, a poly-(dimeth 
ylsiloxy)silyl monomer, a hydrophobic monomer or a mix 
ture of two or three of those monomer types and (e) a 
cross-linking agent, wherein the weight ratio of the tris(Si 
loxy)silyl group-containing monomer to the hydrophilic 
monomer is about 0.3:1 to about 2:1, said lens exhibiting an 
oxygen transmissibility of about 45 to about 150 Dk units, 
a water content at equilibrium hydration of about 35 to about 
55 weight percent, Said lens Separately binding mucin and 
lysozyme in vitro at a ratio by weight of about 1:2 to about 
2:1 and in an amount of about 0.75 to about 2.5 lug/cm when 
Said proteins are Separately present a initial concentrations 
of 0.46 g/L in aqueous buffers at a pH value of 7.2-7.6. 

Aug. 8, 2002 

83. The contact lens according to claim 82 wherein said 
non-ionic hydrophilic monomer contains a methacrylamide, 
an acrylamide, a methacrylate ester or an acrylate ester 
grOup. 

84. The contact lens according to claim 82 wherein said 
tris(trimethylsiloxy)silyl group-containing monomer is an 
amide or ester of acrylic acid or methacrylic acid. 

85. The contact lens according to claim 82 wherein said 
cationic monomer is an ester of acrylic or methacrylic acid. 

86. The contact lens according to claim 82 wherein said 
polyfluorinated monomer contains about 3 to about 20 
fluorine atoms and 4 to about 20 carbon atomsper monomer 
molecule and is an amide or ester of acrylic acid or meth 
acrylic acid. 

87. The contact lens according to claim 82 wherein said 
poly(dimethylsiloxy)silyl group-containing monomer is an 
ester or amide of acrylic acid or methacrylic acid. 

88. The contact lens according to claim 82 wherein said 
hydrophobic monomer is a Styrene-containing monomer. 

89. The contact lens according to claim 82 wherein said 
hydrophobic monomer is a C-Co aliphatic ester of acrylic 
acid or methacrylic acid. 

90. A prolonged wear contact lens that comprises a 
co-polymer of (a) a non-ionic hydrophilic monomer that 
contains a methacrylamide, an acrylamide, a methacrylate 
ester or an acrylate ester group, (b) a tris(siloxy)silyl group 
containing monomer that is an amide or ester of acrylic acid 
or methacrylic acid, (c) a cationic monomer that is an ester 
of acrylic or methacrylic acid, (d) a polyfluorinated mono 
mer that contains about 3 to about 20 fluorine atoms and 4 
to about 20 carbon atoms per monomer molecule and is an 
amide or ester of acrylic acid or methacrylic acid, a poly 
(dimethylsiloxy)silyl monomer that is an ester or amide of 
acrylic acid or methacrylic acid, a hydrophobic monomer 
that is a styrene-containing monomer or a C-C aliphatic 
ester of acrylic acid or methacrylic acid or a mixture of two 
or three of those monomer types and (e) a cross-linking 
agent, wherein the weight ratio of the tris(siloxy)silyl group 
containing monomer to the hydrophilic monomer is about 
0.6:1 to about 2:1, Said lens exhibiting an oxygen transmis 
sibility of about 45 to about 150 Dk units, a water content 
at equilibrium hydration of about 35 to about 55 weight 
percent, Said lens Separately binding mucin and lysozyme in 
vitro at a ratio by weight of about 1:2 to about 2:1 and in an 
amount of about 0.75 to about 2.5 lug/cmi when said proteins 
are separately present at initial concentrations of 0.46g/L in 
acqueous buffers at a pH value of 7.2-7.6. 

91. The contact lens according to claim 90 wherein said 
polyfluorinated monomer containing about 3 to about 20 
fluorine atoms per monomer molecule is a Sulfonamido ethyl 
ester of acrylic acid or methacrylic acid. 

92. The contact lens according to claim 90 wherein said 
poly(dimethylsiloxy)silyl group-containing monomer is an 
ester or amide of acrylic acid or methacrylic acid that 
includes a poly(dimethylsiloxy) portion and has a molecular 
weight of about 1000 to about 5000. 

93. The contact lens according to claim 90 wherein said 
(a) said non-ionic hydrophilic monomer is present at about 
30 to about 60 weight percent, (b) said tris(siloxy)silyl 
group-containing monomer is present at about 30 to about 
65 weight percent, (c) Said cationic monomer is present at 
about 20 to about 25 weight percent, and (d) said polyflu 
orinated monomer, hydrophobic non-aromatic monomer, 
styrene-containing monomer, poly(dimethylsiloxy)silyl 
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group-containing monomer or a mixture of two or three of 
those monomer types is present at up to about 35 weight 
percent. 

94. A proceSS for preparing an ophthalmic contact lens 
that comprises the Steps of 

a) thermally co-polymerizing a monomer mixture in a 
filled and closed casting cup for a time period of about 
ten to about fifteen minutes at a temperature of about 
110 to about 140 C., said monomer mixture compris 
ing (a) a hydrophilic monomer that is an unsubstituted, 
mono- or di-Substituted C-C-alkyl acrylamide or 
methacrylamide, (b) a tris(siloxy)silyl group-contain 
ing monomer, (c) a polyfluorinated monomer, a cat 
ionic monomer, a hydrophobic non-aromatic monomer, 
hydrophobic aromatic monomer or a poly(dimethylsi 
loxy)silyl group-containing monomer or a mixture of 
two, three, four or five of those monomer types and (d) 
a croSS-linking agent, wherein the weight ratio of the 
tris(siloxy)silyl group-containing monomer to the 
hydrophilic monomer is about 0.3:1 to about 2:1; and 

(b) on completion of the polymerization, cooling, opening 
the casting cups, removing the lenses and hydrating the 
lenses for use, Said lens exhibiting an oxygen perme 
ability of about 45 to about 150 Dk units and a hydrated 
water content of about 20 to about 55 weight percent 
upon hydration. 

95. The process according to claim 94 wherein said 
tris(trimethylsiloxy)silyl group-containing monomer is an 
amide or ester of acrylic acid or methacrylic acid. 

96. The process according to claim 94 wherein said 
polyfluorinated monomer contains about 3 to about 20 
fluorine atoms per monomer molecule and is an amide or 
ester of acrylic acid or methacrylic acid. 

97. The process according to claim 94 wherein said 
cationic monomer is an ester of acrylic or methacrylic acid. 

24 
Aug. 8, 2002 

98. The process according to claim 94 wherein said 
hydrophobic non-aromatic monomer is a C-C aliphatic 
ester of acrylic acid or methacrylic acid. 

99. The process according to claim 94 wherein said 
aromatic hydrophobic monomer is a styrene-containing 
OOC. 

100. The process according to claim 94 wherein said 
poly(dimethylsiloxy)silyl group-containing monomer is an 
ester or amide of acrylic acid or methacrylic acid includes a 
poly(dimethylsiloxy) portion and has a molecular weight of 
about 1000 to about 5000. 

101. The process according to claim 94 wherein said 
temperature is about 120 to about 135 C. 

102. The process according to claim 94 wherein the 
weight ratio of the tris(siloxy)silyl group-containing mono 
mer to the hydrophilic monomer is about 0.7:1 to about 
1.4:1. 

103. In a process of forming ophthalmic lenses by co 
polymerization of a monomer mixture comprising (a) a 
non-ionic hydrophilic monomer that is a methacrylamide or 
acrylamide and (b) a tris(siloxy)silyl group-containing 
monomer, the improvement that comprises wet casting Said 
lenses from a composition that includes Said monomers and 
a non-co-polymerizable Solvent that is miscible in the mono 
mer mixture and is readily removable from the co-polymer 
ized lens. 

104. The process according to claim 103 wherein said 
monomer mixture also includes (c) a poly-(dimethylsilox 
y)silyl monomer. 

105. The process according to claim 103 wherein said 
Solvent is a C-C monohydric alcohol. 


